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ABSTRACT

Disturbance dAta, together with guidance signals, are needed to
perform realistic ,nalyses of flight control systems. Stochastic
disturbances, which are by definition defined only in a statistical
s( se, have not previously been compiled and codified for use in such
ar.lyses. The stochastic data included in this report cover the subjects
of winds, wind shear, guats. magnetic fields, solar radiation, vibration
and acoustics, meteors, thrust irregularities, and sensor noise. Areas
of these subjects in which needed data are lacking have been exposed
by the study. Present programs of data accumulation cited and the
recosoended new programs will produce significant information raquired
to supplement the data of this report. A table of earth magnetic field
intensities is included as an appendix.
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I INODIUCTIO1

Yethods of analysis of flight control system have been refined to
such a degree that the response of a vehicle-control system coubintion to
specified input, may be accurately described. Knowledge of the form of
actual inputs, hcmever, has not progressed so rapidly. Inputs consist of
a combination of comand or guidance signals, vhich direct the flight
path; and disturbances, which either force the vehicle from its deuired
path ur attitude or generate false comand signals. Disturbances which
exist may be considered as non-stochastic or stochastic with the latter
generally being considered as those disturbances which are known only in
a statistical sense. The purpose of this report is to compile and code
stochastic disturbance data for use in the analysis of flight control
system,. A comparable progran in the area of command and guidance signals
would supplement the data of this report to afford a relatively complete
definition of actual control system inputs.

Disturbancws which are readily determinable, such as the force of
tba gravitational field, are not included in this study. On the other
hand, the magnitude and direction of the geomagntic field, which is
determinable, is included in the progran because of the limited
availability of this information for the higher altitudes. The range of
altitudes fo'c ftich data are given is from sea level to 1,000 miles. No
limits are sasumad on the type of vehicles to which the disturbances
apply; howmver, use of the data in control system analysis limits the
dynamic frequency range considered to a maximum of about 60 radians per
second.

Kamsorpt released by authors Mrch 1962 for publication as an MD
TeAnical DOCM07 Aeport.
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11 DATA APPLICATION

The relative importance of the several disturbances covered in this
report varies as a function of vehicle design, altitude, speed, and other
factors. To a hovering VTOL aircraft, for example, the effect of solar
pressure is negligible; but winds, wind shear, and gusts are of paramount
importance. A large, nomtallic satellite orbiting at an altitude above
five hundred miles is greatly influenced by solar pressure; a metal
satellite orbiting at the same altitude may be most sign ficantly affected
by magnetic disturbances. From these considevations, it is evident that
only general indications can be given as to which disturbane s should be
considered in analyzing any particular flight control systems.

Representations of the relative importance of the various disturb-
ances are made in Figures 1 and 2, where the independent variable of
altitude is plotted as the ordinate. Vehicles and their typical operation:
are also inferred pictorially in Figure ). Some disturbances are seen to
influence vehicles only when they are operating within the ataosphere;
others influence vehicles only when they are in orbit ar on escape paths.
It may be seen from these figures that there are altitudes where the sun
of all disturbances is large and others where the total disturbance is
relatively small. It ast be kept in mind that the degree of severity
of any disturbance depends upon the vehicle's cusceptibility and its
ability to recover from the effect.

The specifi. tenser i. which the data are applied to the anlysis of
flight control systems is a complex subject. In :ost cases, the first
concern in control system design is that of avoiding unacceptable per-
forsmce, viz., divergent oscillations or catastrophic upset conditions.
By considering the statistics of the disturbance intensities, this require-
ment can usually be met, and is frequently found to establish the maximum
control power requirement or rate of build-up of control torque. Beyond
this basic consideration, however, there are numerous criteria for control
system design. Power spectrum densities of gusts are required to analyze
performance as related to structural fatigue analyses. Simple statistical
data on wind intensities are needed to predict the probable off-set of the
path of a vehicle Ohen there is no path translation correction. For
copercial vehicles, the damping and frequency of pitch oscillations
induced by disturbances may be governed on the basis of passenger comfort.

Non-stochastLc disturbances, such as fuel slosh or body bending, can
he included in the analysis of a flight control system by simply adding
the analytical formulations to the vehicle-control system matrix. (This
is not to imply that such forulations and associated coupling terms are
well established, but only that the manner of Including such disturbances
is known.) Stochastic disturbances, which are the subject of this report,
will generally be included in the system anlysia in the form of independent
excitations. In any event, the use of mathematical analysis techniques

ASD-TDR-62-347 2
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suggest that the definition of disturbances be given as analytical functions
of time or as power density spectra. Ideally all stochastic disturbances
producing the same effect, e.g. upsetting torques, would be expressible
by a single function. This goal, and even that of expressing each of the
individual disturbances in this fashion, will require considerable further
work.

Where possible, the data given in this report are expressed in
analytical form, but in may cases the non-analytical form of the data
will require that they b,- injected into the analysis as discrete impulses
at arbitrary (possibly critical) times. There is a notable lack of infor-
nation on the relative importance of the several disturbances covered in
this report. Because of this a worst-on-worst addition of cbe effects of
disturbances may have to be assumed as a practical possibility. Certainly
this is a area for further investigation.

ASD-Tm-62-347 5



III DISTURBANCE DATA

BACKGROUND INFORMATION

Selection of -he disturbances which are included in this tudy was
made, in conjunction with the Project Engineer, on the basis of several
considerations, Only those disturbances which are considered stochastic
are included, *th the single exception of disturbances due to magnetic
fields. The sele'tion is also limited to those disturbances which exert
a measurable influence on the flight control system over some portion of
the pertinent altitude range.

The .ata contained in this report were obtained from an extensive
literature search, from unpublished results of studies at the Lockheed-
Georgia Company, and from corresponaence and conversations with various
university, governmental, sintl industrial authorities. Every effort has
been made to report only those data which have been verified. In some
cases where conflicting data existed and it was not possible to
corroborate either result, this fact is either noted or the data omitted
entirely. Data were extracted directly from some synoptic references and
from references which presented information In uniquely useful forms. A
few general comments on the data contained in the remainder of the report
are as follows:

Wind, wind shear, and gust data possibly form the most important
group of stochastic disturbance information. The probable intensities of
these disturbances for various geographical locations, altitudes and times
are presented in some detail; but analytical expressions, which may be used
directly in analysis, are presented only for the gusts. information on
anomalies such as the low altitude jet streams is reported even though the
statistical probability of occurrence or intensity is not known.

Main and control motor thrust irregularities, which produce the primary
disturbance to some vehicles during certain phases of flight, are Doc well
documented. The limited information which is available indicates that the
influence of numerous parameters must be considered. The fact that the
source of the thrust irregularities is largely a characteristic of the
motor design permits the establishment of statistical information from a
test program on similar production samples. Prediction of the magnitude
of thrust irregularities for a given motor prior to its production will
require significant advances in design information.

Vibration and acoustical disturbances also originate in conjunction
with the motor and vehicle design but are more amenable to analysis and
prediction. The data presented on this subject indicate the relative
influence of the type of motor and its thrust level, and the variation of
intensity and frequency spectrum with location. Tests or the specific
vehicle will generally be required, however, to obtain more accurate data
when a critical condition is indicated.

Data cn the intensity and direction of the fixed magnetic fields ibout
thp earth are given in detailed and accurate form. Small variations occur
Lu the field; but they are too sporadic to have their frequency excitation
qualities defined, and their magnitudes are generally so amall that they

ASD-TDR-62-347



may be neglected. Variations in solar -adiation and the related high
altitude atmospheric density variations are presented in considerable
detail. Previously unpublished analytical expressions for altitude
densities are included which permit relatively accurate calculations of
drag variations. The magnetic, solar radiation, and etmospheric drag
data, together with the less important information on meteors, permits
the calculation of all significant stochastic, ex:Arnal disturbances on
satellites.

The subject of sencor noise is discussed briefly to indicate the
areas in which this internal disturbance may be important in various
vehicles. Presentation of detailed data on the intensity and nature of
sensor noise, even limiting consideration to the major sensors and related
systems, i'2uld require an extensive program of itself.

AD-TDR-62-347 7



WINDS

Tabulations of the average winds which exist at various locations and
times are of limited value in control system ana.ysis since they give no
indication of probable maximum values. Extremes of wind velocities which
have been recorded for a given location impose excessive control requirements
if assumed for design values. For these reasons the material in this report
was prepared for several different probabil;.Lies of occurrence* which were
felt to be most representative of the requirements for vehicle control system
analysis. As an additional factor in establishing the probabilitier of
occurrence of specific wind conditions, the probabilities were considered

on the basis of the season of maxizmu speed and shear (generally the winter
season), tiu. insuring higher likielihood of a successful flight during the
other seasons of the year.

Frequently the wind profile, or magnitude cf wind as a function of
altitude, is of interest. Designating the criterion upon which the
severity of a wind profile can be iudged, however, is not a s 'ple task.
The wind speed at the level of maximum winds (30,000 to 45,000 feet in the
winter in temperate latitudes) can app. oach 340 fps as a 1 percent extreme;
whereas, the 1 percent surface winds are generally only about 50 fps. An
integrated value of the change in wind speed with altitude (the shear)

from the ground to the maximm wind level is represented by the speed at
the peak of the wind profile, sinc the surface wind is generally an
order of magnitude less than the speed at the maxium wind level. Thus,
the maximum speed of the wind profile is a good first approximation of its
integrated severity from the ground to the level of maxi wind speed.

The altitude to which the wind structure is important is another consi-
deration. Extremely strong winds and shears are known to exist at 200,000 to
400,000 feet (1)**. However, the density of air at these altitudes is such
that winds can create little force on a vehicle. A plot of wind speed versus
altitude for various q values, with the 1 percent wind profile superimposed,
is shown in Figure 3. A vacuum trajectory is often assumed in ballistic
calculations above 250,000 feet (2). Past investigators (1, 3, 4) have indi-
cated that winds in the lower 100,000 feet warrant detailed consideration
and are especially important in the 30,000 to 40,000 feet range. They have
also indicated that they were interested in a design philosophy which would
allow an optimum design wind proftle. For example, if a missile wst be able
to operate from any location in the United States and at all times, one might
consider a wind profile with a probability of 1 percent for the Middle
Atlantic Seaboard wintt-r where upper air charts indicate that the strongest
vi.gs occur.

*rrobability of occurrence levls are defined as the cslative percentage

frequencies associated with data arranged in order of decreasing magnitude.
These frequencies (levels) represent that percent of the total datu exceed-
ing a certain magnitude.

** umbers in parentheses denote references at the end of the subsection.

ASD-TDI-62-347 8
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Accurate data on wind characteristics reprcie .ative of aY. Lmportant
areas and altitudes is at preaent merely a goal. 'he % whi..n exist are
for a very few selective areas and not always accurat t % aegree that is
necessary for valid design criteria. Generally it can .e s-sid that the
prevailing winds in the middle latitudes of the northern hemisphere are
westerly, i.e. from the west, increase in speed frNl the surface to the
tropopause (30,000 to 40,000 feet), and then decreases with height to about
80,000 feet. They again increase In speed above 80,000 feet remaining
westerly in the winter and becoming easterly in the summer.

A plot of average wind speed and direction for the middle latitudes
in the northern henisphere (5) is presented in Figure 4. Sines the curve,
as plotted, is in terms of average wind velocity, its usefulness is confined
to merely presenting the picture of the general wind structure. more exsat
wind speed values, including some specific probability of occurrence, are
included in the following paragraphs.

The altitude of reversible winds is approximately 60,000 to 80,COO feet
and the change-over f:om west to eact winds above this alzitude occurs
suddenly near the vernal equinoxk (sometimes as much as a month before or
after). The return to westerlies again !a sudden near tht time of the
autumnal equinox.** Near the equinoxes the winds above 60,000 feet will vary
as much as 180" in direct .on from day to day until such tine as a steady
monsoon is established again.

It might be well to mention here the geotropic and thzrmal wind
equations from Jenkins (6) to show theoretically Low an upper-level wind is
composed. The wind near the surface of the earth is directed so that lower
pressure is to the left and higher pressure to the right as one no.e with
the wind. This motion cowes about as a balance of the pressure gradient
force, which causes a flow frce high pressure to low pressure, and the
Coriolis force, or deflecting force of the earth's rotation. The Coriolis
force acts to the right of the wind in the northern hemisphere and to the
left in the southern hemisphere so that it in fact works in opposition to
the pressure gradient force. The wind flow near the surface thus quite
nearly parallels the lines of constant pressure and its speed is dependent
upon the magnitude of the pressure gradient. The speed of the wind at the
middle latitudes, when straight line flow exists, is given by the geotropic
wind equations:

u = and v

2Tp sin 3Y 2 ap 1sin x

* , About March 21

- About September 22

ASD-TDR-62-347 10



280 -

240 
----__ 

- __

200 -_ _-

160 -4-

Li120 
Y Or__

Winterfj Months -Smr Months
(Oc.. Fe.)(Apr. -Aug)

40 -

From the West Fo b s
0m

300 20 10 120 60 0 60 120 1.80 21

VInd VeloCity -(ft/8ee)

Figure A,. Ave:-;-ACkGeeral Wlid Profile

ABD-rDI-6s'-347 11



Where: u - wind speed in the east-west direction (ft/sec)

v - wind speed in the north-south direction (ft/sec)

C - angular velocity of the earth's rotation (rad/sec)

I - latitude (deg)

O- mass density of the air ( lb-sec )

ft4

- pressure gradient in the east-west direction ( lb)

- pressure gradient in the north-seuth direction ( lb )
AY ft3

And let z - altituie (ft)

T - temp.rature ('R)

k - gas constant of air (1545)

Subscript (o) denotes the initial condition or the condition
at the surface of the earth.

By the universal gas lgw for air, P - PRT; and the relation of air

density with respect to altitude, 1 I- - and the geotropic wind

equations, assuming the at-se density of air in constant at a given altitude,
the east-wast and north-south components of a wind at the altitude Z can be
expressed respectively as follows:

z .

I dT

v.bo'_zo TT g? J

In most cases, the range of temperature variation is very small when com-
pared to the range of altitude in above equations. For practical purposes,
the wind speed compoaents in the east-west and north-south directions can be
written respectively as:

u-u 0 + .---- -Ii# dZ

uV- o + .1 ISd2&j sin f T 0 T

z
v-V+ vo jJj .~ dZ

where:

ASD-TDR-62-347 12



T 0 temperature gradient in x direction (OR/ft)

- temperature gradient in y direction (*R/ft)
JY

Thus by changing the pressure gradient aloft, the temperature controls the
change in wind with altitude. This wind effect is celle thte "thermal wind."
At any level in the atmosphere, the total wind it n vectar :i of the surface
wind and O.e thermal wind. When the direction of lower pressure and lower
temperature are the same, the wind increases with altitite. 1.en ze.-
direction of lower pressure and higher t4mperatstre are tLa somet e t
decreAses with altitude.

In the middla latitudes in winter, the normal cosition if that bot'.
lower pressure and lower temperatures are to the north and so the winds i-
crease with altitude up to about 30,000 - 40,000 feet. Above this level
the temperature gradient generally reverses. The wind decreases in strength
somewhat up to 60,000 to 80,000 feet, but remains westerly as the temperature
reversal is not strong enough to re ,rrse the flow. In suier, however, it
appears that there is enough absorption of solar radiation in the higher
latitudes at levels above 40,000 feet to cause the wind to reverse to
easterlies by the time 60,000 feet is reached. This is due to a strong
reversal in the temperature fields at these lavels. E.id nc that the
temperature above 60,000 feet in the northern part of the niddle latitude
zone is much higher in sumer than at stations closer to tbe squator, is
shown by radio soundings taken in England during the sumr months a ud by
the sound propogation studies in Alaska (7). Since ozone shows an incr#ese
in amount with fa increase in latitude and is a strong absorber of olar
radiation, it wtndoubtedly plays a part in the temperature reversal; an,; 4U
turn, the wind reversal with seasons. Until further data are available from
the Southern Heaisphere, it is assumed that the wind patterns are similar to
the Northern Kenisphere except that the flow picture is reversed.

The curves of Figure 5 (1) shew several typical werticel distributions
of wind speed for the altitude range where direct observations are generally
available.

The strongest winds in the middle latitudas are concentrated into a
narrow core which, more or less, encircles the earth (1). The core is
often referred to as "the jet strem." It ostllates at least 5 to 10 degrees
of latitude arxmd its man yearly position which is roughly 35"N latitude.
From Figu-3 6, it can be seen that the eastern part of the country is unta r
the influence of the strongest winds in January. Tte jet stream is some-
times referred to as a separate entity, such as a tornado that can be
avoided. Thiu; is misleading since "Jet stream" is used to describe all strong
"rivers of ai-" that may exist at any location at any given time. If it is
postulated, for example, that a particular design mst not be limited by
high winds, elcept on 1 percent of the days in the winter, then all wind
data mist be considereod and jet stream wind statistics mst not be
artificially segregated.
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per hour at the level of maximum speed. Heavy arrowo; represent
center of Jet.

Figure 6. Average Jet Stcoam Locations
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An interesting aspect of the wind phenomenon of the jet stream type (9)
discovered in recent years, is the low altitude, high velocity wind streams
that are found predominately over the western and plain states. These jet
stream type air currents have magnitudes of 70 to 120 fps at their peaks and
are usually found at an altitude of 1,000 to 2,000 feet above terrain. For
several years prior to their measurement, the existence of the streams was
suspected; but it was not until 1953 that streams were actually measured.
At present, the general features of the low-level stream are fairly well
known. On days when it occurs, it begins to build up in late afternoon,
reaches its maximum in the middle of the night, and decays in the early
morning. A set of profiles indicating the build up and decay of a typical
low level jet stream is shown in Figure 7. At their peak the winds in its
core between 800 and 2,000 feet up, can attain between 70 and 120 fps, de-
creasing to 15 to 30 fps both at the ground and between 3,000 and 4,000
feet above the ground. Unlike the much faster high altitude jet stream
that girdles the earth at about 30,000 feet, the low-level stream is
essentially a local phenomenon. Nevertheless, it can sometimes be 1,000
miles long and anywhere from 50 to 500 miles wide. It probably forms
occasionally in most regions of North America, but is most comon over the
flat terrain of the Greot Plains, and it is least likely to be found in
hilly or mountainous areas. The references on low-level jet stream gave no
reasons why the stream could not occur anywhere in the world. Since it
does occur at such low altitudez with corresponding high q values, its
presence end the high shear values associated with it could be significant
design cousiderations.

Statistical data on the probable magnitude of winds at various
altitudes are available for a limited number of specific locations, and
usually are excellent in detail for these particular areas; however, prob-
able wind msgnitudes on a global scale are lacking. Until radar wind
sounding became available in about 1944 there were few strong winds aloft
recorded because sounding balloons, followed visually with theodolites,
were generally blown out of sight as the wind speed increased at higher
altitudes or the balloons could not be observed at these higher altitudes
due to clouds (1), Even today, witn radar equipment, many high wind speeds
cannot be observed because of tracking radar blockage by the horizon at the
great distance that the balloon borne radar targets are carried in these
winds. Earlier techniques became unreliable when this angle went below
14, with later equipment being reliable to about 6. These angles are
common for average speed differentials from the surface to the balloon
height of about 70 fps for the older and about 160 fps for the newer equip-
ment. However, lower speeds in the low levels permit better observations
of the strong high altitude winds (These speeds apply to normal balloon
rates of ascent of 1,000 ft/min.). Winds of 840 fps have been reported at
the 30,000 to 40,000 foot level over Jz.an (1), where the targets are often
released upstream and tracked by a series of stations to pre-vent low vertical
angles. Wind speed can also be deduced mathematically from the spacing
between height contours on meteorological, constant pressure charts (1).
Even though statistical analyses of this particular type are not available
for many locations, this information is closely approached at upper levels
in a study of the vector mean wind and the standard vector deviation of
winds up to 50,000 feet, by C.E.P. Brooks (11).
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Wind flows are determined by many means (b), with the following list
giving a few of the wore useful techniques and their range of application:

1. Balloons - tracked by radar,
theodolites and radio ............. .up to 120,000 ft.

1. Smoke puffs from shells and rockets . . . . up to 400,000 ft.
3. Sound propagation of explosives ........ up to 170,000 ft.
4. Radar measurements on ionization

columns ....... .................. 250,000 to 350,000 ft.
5. Radio measurements of sporadic E

cloud movements ... .............. .. 250,0 to 400,000 ft.

Of the above mentioned methods the bulk of the data on record is in the
range up to 120,000 feet and gathered by the balloon (12) method. The
sound (13) and 6moke (14) methods for the 100,000 to 250,000 foot.levels
seem to agree quite well with each other and are in fair agreement with
radiosonde eata.

There is a large gap in wind data between 160,000 and 250,000 feet
with the only source of data to these altitudes being from rocket flights.

A few measurements have been made at White Sands, New Mexico (6) and Wallops
Island, Virginia (15). Other tests are currently being made at Eglin AFB
in ?!orida by Dr. Howard D. Edwards of the Georgia Institute of Technology.
The tests at Eglin, being performed to develop a clearer picture of winds in
the 200,000 to 400,000 foot altitude range, use high altitude sounding rockets
containing cesium and sodium charges which produce a vapor cloud when
exploded at the desired altitude. ?he clouds are then tracked visually and
cheir relative movements established by triangulation methods. The charges
can also be exploded in a series at progressing altitudes to determine the
relative wind conditions at different altitudes. At present the data from
these experiments are still in rough form. From a preliminary analysis
Figure 8 was constructed by plotting actual data points then forming a smooth
approximate curve through the points. The crve shows a good continuation of
Figure 4 for the winter months, and also a reasonably close continuation of the
sumner season curve. According to Dr. Edwards, the wind data he has compiled
from his experiments seem to be in close accord with data from the same
altitude range taken by the same and other methods at other locations over
the globe, which supports his theory of global similarity for winds in this
altitude range. He also postulates from his data, and the other similar data,
that the wind field in the upper stratosphere is to a high degree independent
of both the lower level wind field and the terrain beneath. The component of
the wind at any high stratosphere level which is contributed by the surface
wind is only a small fraction of the total. The major factor is the thermal
wind through the layer. The thermal factors of the earth's surface, e.g.,
temperature difference of land and ocenn, are not as impirtant as the
absorption of solar radiation in the high levels. There are many factors
in the absorption picture which are unknown as yet, such as water vapor
content and exact ozone disLcibution in the horizontal and vertical. These
factors must be studied f&rther before much more can be deduced about the
wind field.
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Between 250,000 and 400,000 feet, cylinders (6) of ionization are
formed by small particles entering the ionosphere after bombardment of the
earth's outer atmosphere by mateors. These cylinders vary in length up to
fifty miles but are only a few hundred yards in diameter. The presence of
high velocity winds at 300,000 feet can be detected from the distortions of
these trails by using radar to make records of the distortions (16). There
is a possibility, however, that the electrical conditions in the atmosphere
provide this distortion rather than the winds.

Radio determinations have been made of the movement of sporadic E
clouds in the ionosphere (17). Assuming that the wind moves these clouds,
a measurement of wind direction and velocity can be made. However, this
movement may be only an electron drift ana not a wind effect.

Drift of noctilucent clouds has been studied in Norway to deterr nc
high level wind speed and direction. Those clouds occur rarely however,
and the measurements depend upon optical triangulation which gives ques-
tionable accuracy to the wind values (6).

Rind speed profiles generally show a regular pattern as indicated
previously. Although the basic curvatures of the speed plots are similar,
the m-agniLudes of the spetd curves with respect to altitude for a particu-
lar location vary considerably with the seasons. Most areas show a maximum
wind speed in winter and a minima in summer, with the exceptions of the
eastern United States which has its maximums in the spring and the Central
Pacific which sees very little change in wind speed as a function of the
seasons.

Tropical wind data, that is wind circulation data from the area about
the equator, are somewhat scarce; however, there have been some reasonably
complete recordings taken in the Central Pacific for the period from April
to June 1958 as part of Operation Hardtack (18). The tropical stratospheric
circulation has been found to consist of two primary currents, the Krakatoa
Easterlies (EK) and the Benson Westerlies (WB). Soundings have shown the
Ey, starting at 60,000 to 80,000 feet and extending upward as high as bal.
loon soundings, have reached 154,000 feet. The core of the V is generally
confined to the region between 60,000 and 80,000 feet and within 10 degrees
of the equator. At the beginning of the study period the WB were centered
near the equator between 60,000 ond 80,000 feet and extended north at least
12 degrees. The approximate maximum velocity in the center of the current
was about 37 fps and remained very nearly the same for the duration of the
study period. The direction of the wind remained from the west with a
stream thickness of 15,000 to 20,000 feet above and below the core, changing
to an east wind beyond these limits. The east winds above the WB increase
with altitude, eventually becoming the BK which maintained a velocity from
195 to 260 fps in and about the core. The core fluctuates around an alti-
tude of 150,000 feet and maintains its position between 5 and 15 degrees of
North latitude. An analysis of a number of observAtions made for each month
of the year from January 1950 to August 1958, in order to check the relia-
bility of the presented data, showed there was very little monthly variation
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and no apparent correlation between variations in number of observations and
variations in the zonal components. Several other isolated soundings at the
same general latitudes at other locations of the globe have shown the exist-
ence of the same or similar winds to EK and WB. This leads to the conclusion
that they may in fact encompass the earth at their appropriate latitudes.

The strongest winds aloft are found over Japan and the northeastern
North American seaboard. The lowest tropospheric wind speeds are found over
Alaska and the Aleutians, although recent discoveries have shown the exist-
ence of a "polar-night" jet stream existing at very high altitudes over
portions of Alaska and most of Northern Canada (19). Because of the great
altitude of the core of the polar-night jet stream, only isolated observa-
tions have penetrated the core, and this scarcity of data renders the
construction of synoptic cross-section& difficult. For a more definitive
determination of the structure of this current, all soundings of the North
American Arctic were combined iuto one cross-section for a four-day period
from December 31, 1957 to January 3, 1958, when the jet stream was in
relative steady state. It turned out that the core was located at a height
of 85,000 feet and had an average speed of 230 fps with extremes as high as
300 fps. Below this altitude the atmosphere was essentially isothermal;
above it temperatures increased upward. Although its existence may have
importance in certain Arctic mission requirements, its effect is inferior
in force to the jet streams common in the middle latitudes.

As stated previously the predominant wind current in the middle
latitudes is the "Jet stream" at the 35,000 foot altitude. It is the most
important of all wind currents in regard to the ==jority of vehicle control
problem, since it is in the region where it produces the highest q values
compared to other jet streams. From the general data presented and specific
data from soundings at various stations located to provide the broadest rep-
resentative cross-section of the Northern Hemisphere, a series of wind speed
vs altitude curves is presented with their respective probability of occur-
rence factors. A 1% probability of occurrence series of curves for wind
speed vs altitude is shown in Figuve 9. Curve "A" is a plot of the wind
conditions at Cape Canaveral, Florida, Curve "B" is a plot of wind conditions
at Tateno, Japan (usually considered the general area of maximum speed for
the 35,000 foot Jet stteam), and Curve "C" is a plot of wind conditions at
Wray, Colorado. From Figure 9 and Figure 5 it may be seen the wind speed
follows the same basic contour with respect to altitude, irrespective of
season and location. If given a point of 1% probability at the maxim-
speed altitude, one could "fair in" a reasonably accurate curve above and
below the maximum speed point. Points E through J are pcints of Maximum
1% probability wind speed at their respective locations and altitudes, and
are included to show that the Cape Canaveral wind speed characteristics are
fairly representative of the maximum 1. probability winds that might be
encountered over the United States. Curve D is a curve from Sissenwine (1),
which he states may be used as a representative profile for 1% probability
wind conditions in the areas of the United States with strongest wind con-
ditions in the 30,000 to 45,000 foot altitude range. Curve D is also shown
with its usage instructions in Figura 10; and even though its peak wind speed
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of 300 fps falls a lttle short of some of the peak 1% probability winds
encountered in the Eastern United States, it is a very good guide and proba-
bly could be used with considerable reliability as a guide to wind conditions
in the United States. The peak 1% probability wind speeds for the United
States have been recorded as 310, 314, and 321 fps at Cape Canaveral (20),
Washington, D. C. and Bedford, Mass. (21), respectively. Also included as
part of Figure 9 is a K curve, which has been drawn as a speculation to meet
global conditions of 1% probability of wind occurrence. This curve is felt
to be broad enough tn its coverage to be representative of the maxi-uz 1%
probability wind conditions tLat might be encountered by any vehicle designed
to operate in the Northern Hemtsphere.

Generally 1% probability is severe enough to meet most vehicle appli-
cations; but for specific applications, where more severe wind character-
istics are required to be accounted for, a curve of 0.1% probability (23)
has been presented in Figure 11. The curve represents the average 0.1%
wind conditions of several stations located in different areas of the jet
stream, and can be used with a reasonable amount of confidence as represent-
ative of the severest conditions that might be encountered at any location
in the Northern Hemisphere. For app]lcation where a vehicle is to be used
only during favorable conditions, during specific seasons, or only at spe-
cific times and locations, then 1% and 0.1% wind probability of occurrences
may be too severe and costly to be used as design conditions. For these cases
Figures 12 and 13 have been included. The figures show curves of 5%, 10% and
20% probability of occurrence wind conditions, respectively, at representative
locations.
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WIND SHEAR

The information presented in the previous subsection on wird velocities
and probability of eccurrence with respect to altitude is of interest in the
analysis of control systems for many aircraft and missiles, For missiles and
aircraft capable of high relative rates of climb or descent there is also a
need for detailed information cn wind shears. Large shears are generally
observed in conjunction with strong horizontal winds. Fortunately, there is
Licttlc change in wind direction with height in the levels near the strongest
winds (1); shear can therefore be treated as a result of the difference in
magnitude of the wind speed. A Jiscussion of the directional variability
which does occur is contained ater in this subnection.

As used in this report vertical wind shear is the average wind gradi-
ent in the vertical, the difference in the wind velocittcs at the upper
and a lower altitude divided by the altitude increment Ah. The length Ah
is termed the shear gradient distance. Wind shears for gradient distances
of less than 5,000 feet arz generally considered localized, and fluctuate
more rapidly with time than the general wind gradient of the preceding sub-
section. Because wind shear does fluctuate rapidly with time, it is Pen-
erall) superimposed on the general wind gradient. Vertical wind shear (2)
is formed from two componencs: longitudinal wind shear, in which the
tomponent of wind velocity at the upper altitude is parallel to the wind
direction at the lower altitude, and normal wind shear in which the
component of wind velocity at the upper altitude is notmal to the wind
d' -e, Ion at the lower altitude. For tha purpose of this report a shear
layer will be defined as an altitude interval for which the calculated
longitudinal or normal wind shear is equal to or greater than the standard
6 ft/sec1l,000 ft.

Most wind shear data in the less than 100,000 Zoot altitude range have
been gathered in the past with the AN/QD-l rawin balloon tracking system,
but is presently being gathered with a newer more accurate system caled
the AN/GMD-2 ravin system. In general, the two systems are very similar.
The AN/I4D-l system measures the elevation angle and azimuth of the balloon

by means of a radio direction finder. The balloon's altitude is computed
from the temperature, pressure, aud humidity date transmitted to the ground
receiver by a rsdiosondL. Wind speeds are then obtained by calculating
the horizontal distances transversed in a given time, utilizing the eleva-
tion angle and the tangent law to obtain the horizontal distance to the
balloon and the horizontal angle to determine azimuth. The use of the
lav of tangenLa is considered responcible for the major inaccuracies iu
ANIjc-1 observed winds, since wind calculations are based on the formula
that horizontal distance is equal to the altitude multip 'ed by the co-
tangent of the elevation angle. At low elevation angles, which correspond
to maximtm range and altitude, the cotangent value changes very rapidly for
very small changes in angle; therefore, any small elevation angle errors,
due primarily to hunting of the AN/GMD-l antenna, will result in errontous
wind calculation.
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The AN/QID-2 rawin system utilizes the staniard AN/Q0-l ground equip-
ment and a newly developed phase-shift ratio ranging attachment. This
ranging attachment provides direct measurement of the slant range between
-he ground equipment and the balloon, along with the standard recording of
azimuth and elevation angles. By use of cosine and sine functions both
height and horizontal distance can be computed directly, employing the slant
range in conjunction with the elevation angle. This considerably reduces
any errors in wind speeds due to incorrect elevation angles s'.a:e the wind
speed may be closely approximated by the difference in slant range between
any two observations divided by the time interval.

In order to illustrate the method of evaluating data gathered by
Tolefson (2) using the AN/QcD-1 rawin system and Dvoakin (3) using the
AN/0AD-2 system for measuring vertical wind shear, a general set of
equations and their usage will be presented. For the da ermination, the
wind vector at the ourface is taken as a reference amd the wind vector at
the next highest altitude is the~n resolved into components along, and nor-
mal to the direction of the surface vInd. The average wini shear for each
component of this layer is then given by the differece between each com-
ponent and the surface wind speed divided by the altitude interval between
the two levels. For the longitudinal component of the fir*Z altitude
interral, the shear S is given by (See Figure 14):

S . Vl cos (ol " 0) " Vo

hl -ho

where hl - ho is the height of the layer selected for evaluation.

In evaluating the data, it is of course necessary to sat some lower
limit or threshold which Ls based on both the accuracy of the data and
the value which may be significant. For such considerations the thresh-
old of 6 ft/see/l,000 feet yes astablished for the evaluation. If tbe
value of S determined by equation (1) is less zhan the threshold of
6 f2t/cec/1,O00 feet, the wind shear is discarded. The wind vector V, in
Figure 1 is then taken as the new reference, and the calculation for the
component of wind shear in the direction of V1 and between altitudes h!
and h2 is similarly made. If the new value is also less than the threb-
old, it is discarded and V2 is taken as the reference. If, hovever, the
value of 3 as determined by equation (1) is 6 ft/sc/l,OOO feet or greater,
the extent of the shear layer is determined by calculating the lorzitudinal
component of the wind shear for the next altitude interval. Dy referring
to FiSura 14, this calculatiov for the shear incrent AS can be made from
the relatiov:

AS V2 cos @112 - Ca0 ) - V1 COS (01 - ap) (2)

h2 - hi
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For the case where AS is less than 6 ft/sec/1,C00 feet, the original value
of S is the desired wind shear, and the thickness of the shear layer ts
hl-h o. For the cases where AS is equal to or greater than 6 ft/sec/l,000
feet, the calculation indicated by equation (2) is repeated for vectors
(V3 , V4)..(Vn.1, VU) until a value less than the threshold is obtained.
This point then indicates the top of the shear layer. The final value for
the longitudinal component of the shear for the layer is given by:

vn cos (ln - Oo) - Vo (3)
h - ho

In proceeding with the calculations, the upper altitude hn now
becomes the reference for the next shear layer. In these calculations a
wind shear layer includes only those values of AS which are in the same
direction as the shear for the initial interval; that is,AS must have the
same sigu as S. Also the shear values represent only the average velocity
gradient over a given altitude interval. The method of computing the winds
from the recorded surface data, in addition, tends to smooth the sharper
velocity fluctuations which may occur between the approximate 1,000-foot
observing intervals.

The steps for calculating the normal component of wind shear are
similar to those given for the longitudinal component except that the
cosine function is replaced by the sine function; and, of course, Vo drops
out of equation (1) and (3). The value for the normal component of the
shear for a given layer is represented by:

SVn sin (.n " %) (4)

hn - ho

Soundings are evaluated for the longitudinal and normal components
of the wind shear and the depth of the shear layers by ptans of the pro-
cedures discussed in the preceding paragraphs. When evaluated in this way
they show considerable variation in the intensities and altitudes of the
shear layers from one sounding to another. The method of analysis pre-
sented gives the general characteristics of the shear layers as obtained
from an analysis of balloon soundings. As has been indicated, these re-
sults provide uasurements of only the average shear gradients for layer
thicknesses greater than about 1,000 feet, and are limited in accuracy,
particularly at the higher altitudes. The data, however, provide infor-
mation on, at least, the general level of the shear intensities and their
frequencies of occurrence; and afford a basis for assessing the signifi-
cance of the shears.

ASD-TDI-62-347 33



Shear Intensities and Frequencies

According to Tolefson (2) very intense longitudinal shears of
100 ft/sec/1,000 feet or greater are of occasional occurrence in the
winter and spring months, and values of about 80 ft/sec/1,000 feet occur
occasionally in the summer and fall months. Normal shear intensities are
smaller but still remain about 50 to 60 ft/sec/l,000 feet. These values
indicate that intense vertical wind shears may be encountered, particu-
larly at altitudes from 30,000 to 80,000 feet. Another investigation
conducted by Tolefson in the Washington, D. C. area presents statistical
arrays of shears, measured with the AN/GMD-l rawin system, at different
seasas, for 16,000 foot altitude increments up to 100,000 feet. Tolefson
recorded a number of shears greater than 0.1 per second, which is more
than twice as strong as Sissenwine's (1) 1 percent design* shear in a
similar area. Sissenwine and Tolefson recognized the deficiency in AN/GhD-I.
shear data and agreed that values of shears measured with this equipment
were only rough approximations of the true shears. Sissenwine attempted
to remove the instrumental error by using the average shear near the level
of peak winds for 50 typical high-speed wind profiles prepared by
R. Endlich of GRD, AFCRC, in his study o; the jet stream. Tolefson's
report indicates in great detail the errors possible from instrumentation,
but he does not correct for these in shears presented. Consequently,
Sissenwine's report tends to reduce extreme shears of low probability and
Tolefson's tends to magnify these values.

More recent data as presented by bvoskin (3) and other (4) writers
give values of the maximum longitudinal wind shear to be expected over
the eastern seaboard of the United States as about 77 ft/sec/l,000 feet.
The AN/GMD-l system used by Tolefson as explained previously can no doubt
be credited with most of these differences, since the AN/OW-I system is
subject tc a hunting limitation. 1.is limitation is such that an error
in wind speed at a given altitude has a root-mean-square value during
atrong wind speeds which may approach the difference in speed (the shear)
between two adjacent layers. For example, Kochanski (4) quotes Spohn as
indicating instrumental uncertainties of 14 ft/sec (root-mean-square error)
at a wind speed of approximately 120 ft/sec. A typical shear with such a
wind speed is about 0.015 per second, as will be seen from an expression
by Dvoskin (3) presented bilow. If such a shear were encountered over a
1,000-foot thick layer, it would result in a wind speed difference across
this layer of 15 ft/sec. However, Spohn indicates that the error in meas-
uring the speed at the bottom and top of this layer will be greater than
14 ft/sec 32 percent of the time so that little confidence can be given a
shear measurement of this magnitude with this equipseut. Unfortunately,
the pressing design problems presented by the accelerated space and defense
programs have necessitated the use of much of this data.

The Geophysics Retearch Directorate of the Air Force Cambridge Research
Center is currently accumulating data with the new AN/QED-2 rawin system.
With the introduction of the AN/GD-2 system, it is hoped that the accuracy
and efficiency of measuring high level wind conditions will be greatly

* See definition of probability of occurrence on page 8.

ASD-TDR-62-347 34



improved, so that shear design criteria may be based on well founded data.
One phase of the early field testitLg was a series of forty-five soundings
(3) in the Bedford, Massachusetts area that were obtained during the iInter
and spring of 1957. Maximum wind speeds in the 30,000 to 40,000 foot sati-
tude zone varied from about 42 to 305 ft/sec. Shears have been calculated
for 1,000, 3,000, and 5,000-foot altitude thickness for balloon movement
averaged for two minute intervals, according to the standard procedure,
and also for one minute intervals. For the investigation, it was decided
to examine the relationship between wind speed and maximuwind shear in
the 30,000 to 40,000 foot altitude interval, using 3,000-foot shear thick-
ness and two minute average balloon movement. Greatest shears for thin
layers are generally found above the nose of the wind profile. This is
evidenced in the forty-five AN/GND-2 soundings and elsewhere (4). The
maximum longitudinal 3,000 foot shear found was 0.051 per second and was
associated with the 305 ft/sec wind profile. The maximum 1,000-foot thick
shear within this 0.051 per second, 3,000-foot shear was 0.077 per second.

Dvoskin (3) found a correlation coefficient of 0.63 for the relation-
ship of maximu- 3,000-foot shear to maximum wind speed in the 30,000 to
40,000 foot level. The curve of the linear regression found is
Y - 0.00299 + 0.000142X, where Y is the shear in sec "1, and X is the speed
of the wind in knots. The standard error of estimate of the shear is
0.0063 per second.

Probability of occurrence of winds and shears in the 30,000 to
40,000 fout layer for forty-five AN/Ca0-2 soundings at Bedford, Massachu-
setts dtiring the winter and spring of 1957 xre presented in Table 1.
These figures are given for four probabilities of interest as obtained
from accumulative frequencies plotted on normal probability paper. It had
een hoped that the expression relating shear to wind speed could be used

to correlate the associated 7alues of shear for the wind speed given in
Table 1. However, the shears obtained in this manner have lower magnitudes
and consequently higher probability than the actual values measured for
strong (low expectancy) winds. Substituting the 1 percent wind speed,
190 knots in the shear and wind speed regression expression provided above,
yields a shear of 0.030 per second. However, the 1 percent shear in
Table 1 is 0.050 per second.

There appears to be no "clear" correlation between extrm shears
and strong wind profiles. Sissenwine (5) suggests, however, that the
design profile should include a shear of approximately the same probabil-
ity as that of the wind. Based on this conjecturs he estimated shears of
the same probability as Table 1 for Patrick AFB by a proportionality with
the ratio of the wind speeds at the related locations. In applying the
shear data presented in Table 1 to the wind speed for Patrick AYR, one
can legitimately question whether or rot the relationship for winds in
the Massachusetts area holds over Patrick. As previously stated in the
wind speed section and (6), investigations of wine structure in jet streams
have indicated that horizontal shear near tbe nose of the jet do,-s not vary
significantly with location. Other studies (7) indicate a similar conclusion
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may be valid for the vertical shear. Sissenwine's predicted wind shears at
Patrick AFB have been substantiated by later measurements (8); therefore,
his prediction method may be useful for approximating wind shear at jet
stream altitudes for other locations where a wind profile is available.

TABLE I

'ROBABILITY OF 3,000 FOOT
OCCURRENCE WIND SPEED LONGITUDINAL SHEAR

(.) (Knots) (ft/sec) (ft/sc/l000 ft) (sec 1

1 190 321 50 0.050

5 153 259 29 .029

10 134 226 23 .023

20 110 186 18 0.018

When considering wind shear criteria, shears through layers thinner
than 3,000 feet directly above and beneath the wind speed maximum should
be examined. Shears for layers as thin av 1.,000 feet, for example, will
approach 1.5 times the 3,000 feet maximums. The shear layer thickness and
the probability of occurrence versus shear intensity are shown in Figure 15
for shears associated with maxium (3U,000 to 40,000 foot) wind. These
curves of the Bedford area uind conditions can bo considered, with only
slight reservation, as representative of the maximum wind shear conditions
that might occur in the United States. The slight reservation is due to
the relatively few number of observations on which the results of the
Bedford study are based. Yrom a Navy study (9) it appears that the Bedford,
Ms.sachusetts location has only a dlightly lower wind speed regime than the
distribution for Washington, D. C., which is assumed to be located in the
windiest (upper air) geographic area of the United States. The mean winter
wind speed at Nantucket, only 95 miles southeast of Bedford is 82 knots at
40,000 feet, compared to a value of 83 knots at 4G,000 feet above
Washington.

The shear information Zrom the United States can be projected, with a
reasonably bigh degree of confidence, as representative of the maximum
shear conditions that might be expected in the Northern Hemisphere. Al-
though other areas of the hemisphere such as Japan have stronger wind
velocity conditions, reports such as Reference 10 show the wind conditions
to b2 more stable and gradual in their intensity buildup than similar winds
in the United St:ates. Data extracted from Reference 10 permit a comparison
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of wind shears at different altitudes for two locations in the United States
and Tateno, Japan as shown in Table 2.

TABLE 2

3,000 FOOT LONGITUDINAL SHEAR LAYERS

APPROXIMATE TATENO, JAPAN SANTA MARIA, CALIF. BOSTON. MASS.
ALTITUDE 1% EXTREME SHEAR 1% EXTREME SHEAR 1% ETREME SHAR
(FEET) (sec"1 ) (sacc 1 ) (sec "1)

10,C0 0.013 "" 0.024

20,000 0.032 -" 0.020

30,000 0.041 "- 0.032

Jet Stream Level 0.046 0.024 0.050

50,000 -0.022" -0.014* -0.028*

*(-) denotes negative shear value

Most of the discussion in this and other reports on shears has been
concentrated on shears located at jet stream level. However, data from
Reference 3 as plotted in Figure 16, indicate that the highest shear at
any particular time may be found at any altitude, and occurs between
30,000 and 40,000 feet only in about one-third of the cases. For examle,
a high frequency (19 percent) of maximum 1,000-foot thickness shears are
found between 50,000 and 60,000 feet, The probability of occurrence of
shears for all levels is presented in Figures 17, 18, and 19. The 1, 5,
10, and 20 percent extremes for 1,000, 3,000 and 5,000-foot thickness
shears are shown. It should be kept in mind tsat a strong shear at one
level does not necessarily imply a strong shar at another level simul-
taneously. Any relationship which may gst between shears at various
levels has not yet been determined, It is interesting to note from the

figures that there is an average of about one shear layer in each 5,000
foot altitude interval from sea level to 50,000 feet.

A second consideration of wind shear is the change in direction of
wind with height. Frequency distributions of this phenomena are not

readily available. As s-tated previously, strong winds change direction
very slowly with height. Sharp wind shifts are generally encountered
only in the lower troposphere in connzction wich surface frontals, surface
temperature inversions, or surface turbulence. An inspection of a number

of wind soundings according to Sissenwine (1) indicates that a shift in
direction of 90* is often encountered from the surface through 2,000 feet

(the standard height intervals in the wind reporting code) when the wind
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speed is very light, i.e., on the order of 15 ft/sec or leja. 3bift of180 xn the 1,000 foot frictional level near the ground &-' also approachtdat thbse low speeds. During the equinox periods. when the wind direction
shifts quite frequently from east to west in the 50,000 to 80,000 footaltitude interval, a drift approaching 180" Is 5,000 feet appears withwinds as high as 40 ft/ec; however, because oi low air dencity, the tjforce will be much less than at the lower level with lesser shear. At
the tropopause area from 30,000 to 4C,000 feec, the aLroLS winds permitvery little change in direction; e.g., 30* In 5,0MC fact is occasionally
ebserved when the wind is averaging 50 ft/sec.
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GUSTS

Wind gusLs are the relatively sudden changes in the wind intensity which
occur as a result of turbulence or convective activity. The total wind force
is the result of several differeat related conditions, acting individually
or collectively. The first of these, as we have seen from a previous sub-
sectxon, is the mean wind flow which varies slowly; a second is the localized
wind shear which is superimposed on the general shear but fluctuates more
frequently. Gusts are the relatively rapid wind intensity fluctuations.
The basis for presenting the wind speed, wind shear, and gust in individual

subsections Is to distinguish the three ccncepts of wind influencing the
flight dynAmics of vehicles.

ost Structure

Gusts at altitudes up to approximately 600 feet are usually measured
by fixed anemometers and are discussed in detail in later paragraphs. cast
data at altitudes abova 600 feet are obtained from measurements derived from
aircraft. For gust measurements obtained from fixed anemometer readings,
the time of pst build-up is recorded; whereas on aLrcraft the distance
travelled from the miniwm to tee peak gust speed is measured. The distance
is defined as the gust gradient distance. Horizontal gust data are im-
portant in the analysis of controls for vertically rising vehicles, but
data obtained from aircraft are generally for vertical gusts only. Fortu-
nate17, tbere is nearly a "one-to-one" relationship betw on horizontal and
vertical gusts, especially for relatively thin (8,000 to 10,000 foot)
altitude l&y.:s. Data from Douely (1) which shows this relationship are
presojted in Figure 20. The probability of occurrence*, gust ltensity,
and gust gradient distance, as obtained from aLrcreft during horizontal
flights and anemometers at fixed locat4 ons are covered in this qubsectLon.

Prior to 1954 the fo-mulation used in determining effective gust veloci-
ties from vertical accalerations was dependent, to sone dcgroe, on the
characteristic of the airplane used as the measuring vehicle. A revised
Sust-load formula was developed in 1954 which, through use of a different
gust factor, greatly increased the significance of the data (2). The new
gust factor is based on an airplane mass ratio parameter and an sesumed gust
profile represanted by a one-minus-cosine curve whereas the previous
alleviation factor va3 based oa airplane ving loading and ot a triangular
gust gradient profile. The gust velocities obtained in evaluating flight
measurements of the airspeed and vertical acceleration of an airplane by use
of the revised formula are called the derived gust velocities and correspond
to the aximLm equivalent velocity for the ssumed gust profile. The gust
velocities previously obtained from the obsolete method, the so-called
effective gust velocities, represented only a fraction of this velocity.
The derived gust velocities are accordingly nwmrically larger for the sese

* Nee Page 8 for dafinitLon.
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turbulence then the effective gust velocities. The ratio of the derived to
the effective gust velocity also differs for the same turbulence at different
altitudes, because the airplane mass ratio--defined below--is a function of
air density. Since the revised gust-load formla is now being used in the
routine evaluation of gust data, the large amounts of effective gust velocity
data available from V-0 records on civil transport airplanes from 1933 to
1950 were converted to derived gust velocities and are sumarized in
Reference 3.

In comparing derived (Ude) ind effective (Ua) gust velocities, it may be
seen that the two gust velocities differ only in regard to the factors K and

2 W/S 2 an V/S

Ud , fps; and Us = . fps.

PoU Veig PoVx

where:

an  - vertical or normal acceleration (S units)

V - airplane weight (lb)

S a wing area (ft2)

a = slope of wing lift curve, (radian 1 )

Ve - equivalent airspeed (fps)

K - gust alleviation factor (function of V/S) (See Figure 21)

- gust factor (function of i&) (See Figure 21)

is - airplane mass ratic 2 V/s
Pa c

p - mass dens'.ty of air (slugs/ft 3)

po - mass density of air at sea level (slugs/ft,

g - acceleration due to gravity (ft/ec2)

a a mean wing chord (ft)

The effective gust velocities may accordingly be converted to derived gust
velocities simply by the relation:

Ud a Ue I

All values given in this report e. for derived nust velocities.

A.D-TDR-62-347 47



1 .4 ....

1.2

1.0 -

-0.8

0

.0.6...

o.4

0.2

0 10 20 30 40 50 60 70 80 90 100 110 120
(a) Wing Loading, W/S - (lb/ft2)

0.9 ...-

0.8 -

0.7 - - -

0.6 -

0.5 - -i .

o 0.4

S0.3

0.2 -

0.1

0.0
0 10 20 30 40 50 60 70 80 90 100 110 120

(b) Mass Ratio, Itg

Figure 21. Gtmt Factors

ASD-TDR-62-347 48



The form of gust assumed in determining the derived gust velocity is:

1 (1 - cos tot) for o < t <u~t) = Ude1~ot<-

u(t) o for o> t >2f

where

Ude - derived gust intensity (ft/sic)

and mo  - the frequency of the cosine (r~d/sec)

Obviously, the time to reach the peak gust intensity is one half the period
of the cosine:

t - (see)so

The gust gradient distance X is a measure of the gust bite in feet and is
independeut of any parmters of the measuring technique on means. The
half cycle periW. is inversely proportional to the speed vith which the
gust is traversed and is, therefore, also given by

t -a I (sec)

where X - the gust gradient distance (ft)

Uo  - the velocity at which the gust is tranversed (ft/sec)

Iquating the tw expressions for the half cycle period gives

X -_.-
U0 so

from which the frequency wo is seen to be

0  • "o

Frequency of Gust Occurrence

Much of the published data on gust occurrences is obtainsd from flights
made during weather periods involving severely turbulent atmospharic con-
ditions such as thunderstorms. It is misleading, therefore, to present
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frequence of occurrence values obtained from these records as being repre-
sentative of conditions in general. On the other hand, the effects of gusts
that are associated with the severely turbulent periods are the more important.
Defining turbulence as any condition in which gust velocities exceed 1.64 fps
(0.5 meters per second), the percentage of flight time in both thunderstorm
and nonthunderstorm turbulence has been obtained (4). Table 3, from
Reference 5, presents these data and should be used in conjunction with the
data of Table 6.

TABLE 3

OCCURRENCE OF TURBULENCE

APPROXIMATE PERCENTAGE OF FLIGHT TIME IN TUJULEUE
ALTITUDE

(ft) NONTHUNDERSTORM THUNDIRSTOM

< 10,000 18.0 0.10

10,000 - 20,000 6.4 0.11

20,000 - 30,000 4.5 0.062

30,000 - 40,00 3.9 0.0067

40,000 - 50,000 3.4 0.0017

50,000 - 60,000 2.2 --

Tt is apparent from Table 3 that, for a gust velocity threshold of 1.64
fps, turbulent air is encountered during a relatively small portion of the
overall flight time, the region below 10,000 feet being the only exception.
In this region, the influence of terrain and convective heating on the wir.
flow results in frequent occurrences of gusty (turbulent) conditions.

Data on the number of gusts encountered per mile of flight versus
gust intensity have been obtained from numerous comercial flights. A
consolidation of these data is shown as bands in Figure 22. The "general"
band includes all flight time; but, being from comme:cial flights, involves
normal thunderstorm avoidance. A curve representing commercial flighta
without thunderstorm avoidance would be slightly above the "general" bands.
The fact that the data used in Figure 22 came from a wide range of cominercial
routes and various altitudes should he considered in the utilizatiou zf.
this information. Probabilities of occurrence* of gust intensities and

* See Page 8 for definition
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gust gradient distances from a group of approximately six hundred gust
measurements are presented in Table 4 as extracted from Reference 5. No
direct statements could be found in the original refcrence containing these
data (1) regarding the altitude range, weather conditions, or flight miles
represented. However, from discussions in the report, the altitude range
is assumed to be below 16,000 feet and it appears that thunderstorm
turbulence observatLons are included.

TABLE 4

DISTRIBUTION OF GUST VELOCITY AND GUST GRADIENT DISTANCE
(Associated with the data of Figure 24)

DISTRIBUTION OF GUST VELOCITY

Probability of Occurrence (7) 50 20.0 10.0 5.0 1.0 0.1

Gust Velocity (ft/sec) 13.1 21.0 26.3 32.9 47.9 74.0

DISTRIBUTION OF GUST GRADIENT DISTANCE

Probability of Occurrence (7) 1 50 20.0 10.0 5.0 1.0 0.1

Gradient Distance (ft) 160 133 162 184 222 249

An interesting note on the vertical extent of turbulent layers, as deter-
mined from telemetered records, o.s contained in Reference 4. A graph repro
duced from this reference is shown in Figure 23. The telemetered records
were obtained from parachute-borne instruments called "gustsondes" and were
collected at several locations in the United Statcs over a period of one year.
The data, which were grouped in intervals of 200 feet, indicate that the
majority of the turbulent areas have a thickness of less than 800 feet.
These thicknesses, which do not have the same meaning as gust gradient
distance, were determined by noting the portion of the telemetered record
indicating that the "gustsonde" was continuously disturbed and contained
gusts equal to or greater than the reading threshold of 1.64 fps. The resu r8
give thicknesses or distances of gust action and should not be confused wit*
the gust gradient distance previously defined.

Gust Gradient Distance

Published information on gust gradient distances is limited, but from
the data available it appears that there is no correlation between gradient
distance and gust intensity. A summary of gust gradient distances in the
altitude range from 5,000 to 26,000 feet during periods of thunderstorm
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activity, taken fron References 5 and 6, is presented in Table 5. Thie
table is based on approximately 18,000 observations. The values given are
higher than those of Tabln 4 because Table 5 represents thunderstorm
conditions only whereas Table 4 simply includes thunderstorm conditione.

TABLE 5

DISTRIBUTION OF GUST GRADIENT DISTANCE
(5,000 to 26,000 foot altitude range)

PROBABILITY OF OCCURRENCE (%) 50 20 10 5 1 0.1

GRADIENT DISTANCE (ft) 118 205 255 300 416 550

A :catte" diagram, shown in Figure 24, plots peak gust velocity against
gust gradient distance; and shows that the bulk of the gradient distances
.bserved are between 40 an;! 200 feet with peak gust speeds generally below
30 fps (1). A figure of 43 fps has been presented by Sissenwine (7) as a
representative 17 probability of occurrence value of the 610 gusts included
in Figure 24 with a gust gradient distance of less than 30 feet attained
by 1% of the gusts (i.e. 997 probability of occurrence value of gust gradieut
distance is 30 feet).

Distribution of Atmospheric Cust Velocities

Data on gust velocities as a function of altitude are summarized in
Table 6 (5, 6, 8, 9, 10, 11). Also included in this table, in parentheses,
is the average number of gusts per 1,000 feet of horizontal distance which
exceed the indicated velocities (frequency of occurrence). A graphic pre-
sentation of the velocity data is provided in Figures 25 and 26. It is
emphasized that the probability of occurrence distributions obtained for the
gust velocities apply only to conditions of turbulent air as defined by the
threshold value of gust velocity (1.64 fps); and therefore, do not include
periods of near zero gust magnitudes. The influence of this condition on
the interpretation of gust velocity distributions was discussed in a pre-
ceeding paragraph.

The selection of the particular percent probability of occurrence levels
shown in Table 6 and Figures 25 and 26 was dictated by the requirements of
the ADMA Aerobpllistics Laboratory from whose report (5) the data were taken.
The table is presented here matly to show ti-e relationship of thunderstorm
gust conditions with those asso:iated with clear air turbulence. Some
important features to be noted frcm Table 6 are the low frequency of occurrence
for nonthunderstorm associated gusts compared to thunderstorm -alues at the
same altitude and probability of occurrence, and the -hange in gust frequency
of occurrence with increase in altitude for nonthunderstorm conditiions. A
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general interpretation of the data presented in the table may be illustrated
by the following example. For nonthunderstorm associated gusts in the
20,000 to 30,000 foot altitude range, 50% of the gusts which occur above
1.64 fps may be expected to equal or exceed 2.62 fps and one such gust may
be expected to occur each 100,000 feet of horizontal flight.

TABLE 6

S'UMARY OF GUST VELOCITY DISTRIBUTION AS A FUNCTION OF ALTITUDE

THUNDERSTORM NONTHUNDERSTORK
ALTITUDE 50%* 0.14% 50% 0.14%
FEET " (ft/sec) **

< 10,000 7.87(0.6) 41.0(0.001) 13.1 (0.006) 26.2 (0.0003)

10,61- - 20,000 7.87(0.6) 41.0(0.001) 8.52(0.002) 19.0 (0.00007)

20,000 - 30,000 7.87(0.6) 41.0(0.001) 2.62(0.01) 11.5 (0.0002)

30,000 - 40,000 7.87(0.6) 41.0(0.001) 1.87(0.009) 8.2 (0.0003)

40,000 - 50,000 7.87(0.6) 41.0(0.001) 2.3 (0.003) 9.18(0.0001)

50,000 - 60,000 17.87(0.6) 41,0(0.001) 2.95(0.002) 9.3 (0.00007)

* - Probability of occur-ence (percent)
* Gust magnitude units

Gust velocities as related to altitude for various percent probabil-
ities are shown in Figure 27. The raw data were accumul~ted from numerous
reports (12, 13, 14 and others) Vich reported similar measurements made on
several different aircraft used for commercial cross-country flights. The
curves show the relative independence of gust intensity with respect to
altitude for the lower (e.g. 5, 1, .1%) probabilities of occurrence. There
is also a definite indication that at the higher (e.g. 10, 20, 50) probabil-
ities of occurrence the gust intensity tends to decrease in magnitude ,iith
altitude. These curves, compiled from data for average weather conditions,
appear to be in good agreement with those of Figures 25 and 26 which give
gust valu% for the extreme conditions.

Ground and Low-Level Gust Conditions

Knowledge of low-level gusts is incomplete with data on the probability
of occurrence and gradient distances being essentially nonexistent '13).
There are, however, several references which include derived relationships
between mean wind speeds and gust intensities. At the initiation of the
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study program, it was thought that a great deal of useful information could
be acquired from weather bureau records; but it was later found that the
manner in which weather stations record and transmit gust information (16)
results in data which is of little value for application to control system
analysis. On the WBAN-10A form "Surface Weather Observations" used by all
weather services in the United States for the recording of curface wind
conditions, the average wind speed is recorded for a time period of one
minute. Gusts are recorded as the average of the peak winds, during a
period of 15 minutes, with the stipulation that only those peaks are con-
sidered for which the difference between the peak and its associated lull is
at least 9 knots. It is further required that only those peaks are consider-
ed where the average time between peaks anO lulls does not exceed 20 seconds.
A peak gust is considered as, "The highest speed momentarily indicated, with-
out regard to the duration of the gust." Thus we can see that the informa-
tion currently logged, transmitted over weather teletypes, and stored at the
National Weather Records Center (Asheville, North Carolina) is relatively
unusable for control system analysis. Continuous traces of wind speed and
direction are available at many weather stations, but unfortunately these
records are normally disposed of a short period of time after recording.
Generally no permanent record of such data is kept.

Any wind trace, continuous with time, reveals that wind is not ccnstant
either in direction or intensity. The variation of the wind is a function
of the exposure of the wind sensor, the nature of the terrain, and the
vertical temperature gradient or lapse rate. Gusty conditions are almost
always associated with temperature regimes where the temperature decreases
with height. Carruthers (17), Deacon (18), Robitzsch (19), and Sherlock (20),
have all contributed to the knowledge of gust intensities in low-level winds.
They established gust factors, which are the ratio of peak to average wind
intensities, for wind peaks of two-second duration and height intervals of
40 to 125 feet. The average wind used as a reference was taken over five-
mintute averaging periods. These results are as follows:

Five-minute mean wind speed (ft/sec) 34 50 67 85
Most probable gust factor 1.5 1.4 1.4 1.4
Haximin gust factor 1.9 1.8 1.7 1.8*

Sherlock (20) also found that for altitudes less than 300 feet, the
variation of peak wind speed,V, with height, Z, can be expressed by an
exponential relation which, for ten-second gusts, is:

0.080

V/30 30

where V30 is the peak speed at the refarence height of 30 feet.

* lxtapolated

ASD-TDR-62-347 60

-"-' -"= -F III ,,]I r.3 "q I i I I " IME ,



Decon (18) gives a similar expression for two-second gusts as:

V/V3 °  
0

An expression which relates the gust factor, G, to altitude is given by
Sherlock (21) for various gust durations:

62.5 6 5

where 062.5 is the gust factor at the reference height of 62.5 feet and n ts
a function of gust duration empirically determined as follows:

Gust duration (sec) 0.5 1 2 3 5 10

n a 0.09 0.08 0.071 0.065 0.058 0.048

Robitzsch (19) and Sherlock (20) computed height variation of peak wind
speeds and gust factors for gusts of one minute and a few seconds duration.
The results are show below, where 10 feet is the reference level for the
peak wind:

Om-Kiwli CUSTS Fw-SzCpO COSTS
BIGH G V/

(feet) V/vlo V/v1a

300 1.33 1.5 1.32 1.4

100 1.29 1.5 1.21 1.5

50 1.22 1.5 1.14 1.5

20 1.10 1.5 1.05 1.6

10 1.00 1.5 1.00 1.7

(From Reference 19) (From Reference 20)

Use of the relations given with recorded weather data for any particular area
of interest will provide a reasonAbly accurate value of the low-level gust
intensities.

Power Spectra

The intensity of wind in a turbulent regioA generally varies in a random
fashion, and more specifically, is approximately Gaussian (22, 23, 24). For
these reasons it is possible to apply generalized harmonic analysis techniques
which reveal the statistical characteristics and power spectrum of the
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turbulence. The power spectrum form of gust data indicates the gust or
turbulent energy present at ea.h frequency such that the integral of the
power spectrum for all frequencies Is simply the mean square of the gust
intensity (23).* There are several problems associated with obtaining
and interpreting data in spectrum form as described further in this section.

Zr may be well to examine the nature of turbulence in a rudimentary way
to see, at least in theory, how its energy is related to frequency. The
first consideration might be that of the term "frequency." Turbulence may
be thought of as eddies of various 5iz"s, within a mass of air, each of
which has a characteristic length. The term "frequency" is a measure of
the reciprocal of the characteristic length or the wave number. A
hypothesis proposed by Taylor (25) states that in a homogeneous and iso-
tropic field, the space variation of turbulence can be determined by consider-
ing the turbulent region at rest (or frozen) and moving the observer through
the field with a relative velocity -Us, where U' is the velocity of the
air stream transporting the turbulence. Thesefore, if the mass of turbulent
air has an average directional flow velocity or if a vehicle moves through
the turbulence at some relative velocity, the measured frequency with which
the wind intensity changes will increase proportionally.

Within the turbulence, energy is transferred from the larger eddies
to smaller and smaller eddies until it is lost in viscous dissipation.
Turbulence which is receiving no further energy from the mean flow tends
to become isotropic, i.e., its statistical properties tend to become the
same in all directions. In the frequency range where the turbulence is
isotropic the form of the energy spectrum is postulated to depend only on
the total rate of energy flux from the lower frequencies to the higher
frequencies. The only dimensional form possible will then be: the energy
per unit frequency is proportional to frequency raised to the minus five-
thirds power, according to Kolmogorov (26). Theories of the spectrum shape
at higher frequencies are immensely more complicated. In this suall-eddy,
"turbulent viscosity" range, Heisenberg (27) predicts an asymptotic spectrum
decay proportional to frequency to the minus seventh power.

Of special interest to the designer of flight control systems is the
low-frequency shape of the power spectrum. Unfortunately, this region is
poorly defined due to the varied causes of large eddies and the lack of
accurate measurements. The nature of laminar flow instability and its
transition to turbulent flow is not %-ll understood. There are sufficient
measurements and heuristic arguments**, however, to indicate that a flatten-
!.ng of the power spectrum occurs at the )ower frequencies in all cases.

* In this report the mean square of gust intensity (02) is always
a2 f}#(m)d. where #(M) is the power density apectrum and c is in radians

per second.

**Fo: example, steady (zero frequency) winds are not unlimited in amplitude.
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The form of the power spectral density of vertical gusts has been con-
sidered by various authors with each usually showing some agreement between
his empirical or semi-empirical analytical expression and measured data.
Decaulne (28) suggestb the spectrum:

Uo (ft/sec)2

- rad/sec

over the frequency range of 0.5 rad/sec < Urefx w < 10 red/sec. where Uo
is the airplane speed, (ft/sec) Uref is 'hiOreference speed of 300 ft/sec,
and K is a constant which varies with the strength of the turbulence. Lt
lower frequencies #(w) will obviously approach infinity. Flodin and
Sundstrom (30) consider two approximations to use with Decaulne's expression
tich provides the desired low frequency limits. One is simply to consider
the spectrum a constant below some frequency wo, and the second is to assume
a second degree parabola tangent to Decaulne's spectrum at So:

U(o)3Kl.4 (!soo s2) (ft/sec)
2

go 3 red/see

Idepsenn (29) suggests the spectrum:

(0) - 2 J 1 + A 2 (ft/sec)
2

TUo (1 + XZ)Z red/sec

%here a is the man intensity of the vertical gust, L is the "scale of
turbulence" (L/Uo denotes half of the least time shift for which the auto-
correlation fnnction equals zero) (29), and X a J . This spectrum form is
bounded at all frequencies including zero. ActUilly thare are few measure-
ments to indicate the shape of gust spectra at the lower frequencies and the
accuracy of those measurements which are available is questionable. An
error in the low frequency end of a spectrum result in esseatially the
same order of error in the mean square valve of intensity. These two factors
are the major shortcomings of utilizing gust power deneity spectra in control
system analyses.

Lateral gusts are assumed to have the saw form as the vertical gusts
but the expression developed (29, 31) for longitudinal or fore-Aad-aft
gusts is:

( 2 L 2 (ft/sac)2

1 Uo 1 1 rad/sic

The spectrum equations given are presented in the literatuie in several
variations. Dividing both sides of Liepmann's expressions by a , for example,
gives a normalized spectrum which only indicates the spectrum shapL s&
function of frequency. Values of L between 200 and 1,000 feet then give
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good agreement between these expressions and measured data, (29, 32, 33, 34,
35 and others). A value of the scale of turbulence, L, of 500 feet is
suggested by Etkin(31) to approximate the wealth of B-66 data (33). He also
suggests a mean square value of 9 (fps)

2 for vertical gLsts and 11.5 (fps)
2

for fore-and-aft gusts to approximate these data. However, the spread of
data in each case is large and these values may not be conservative enough
for flight control system design. (MIL-A-8866 spectra are essentially of
the same shape but slightly greater than those suggested by Etkin.)

Multiplication of the power spectrum y the aircraft velocity (34)
changes the dimensions of the "frequency" from radians per second (0) to
radians per foot (G) where o- W- . The spectrum ks then

#R, Uo #(W) (ft/sec)2
rad/ft

and

02 # (0) d 0

Huch of the data available is presented in this form to make it independent
of the aircraft speed. Measured values of several typical power spectra are
shown in Figure 28 together with several analytical approximations. The
analytical approximations have been shifted in the vertical direction to give
rough agreement with the measured data. (This shift is equivalent to a
change in the mean gust intensity in the case of the Liepmann expression.)

Estimates of the spectra Lor span-wise gusts have been made by Notess
(34) for the difficult low altitude case. Results indicate that a modified
Liepmann expression is applicable; but "additional checks are needed to make
any conclusions definite, and to investigate how L can be estimated."

If turbulence is not isotropic, there may be a relstionship between the
phasing of the orthogonal gust components. Knowledge of the phase relation-
ship may be necessary In calculating the response to combined gusts. Evidence
of correlation between the phasing of vertical and fore-and-aft gust componen1ts
has been noted for frequencies in the phugoid range (36).

The question of the probable intensity (a) of a gust power spectrum
has received little study. Donely (37) presents information of this type
which was derived by Press from load factor increment occurrence values
for clear air. These data are shown in Figure 29, but similar data for
convective clouds or very low altitudes are not know to exist. The gust
occurrence values presented in this section, however, can be uced to
approximate similar data for various weather and altitude conditions. Panoibky
(38) gives the root-mean-square vind intensity for low altitudes as:

a - 0.226 V (ft/sec)
log h/h°
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Where V ib the mean wind speed in feet per second at height h in feet, and
ho in feet is the characteristic roughness length. He also indicates that
the value of L in Liepmanr's vertical gust spectrum equation is 0.93h at
low altitudes, up to 1,000 feet.

Low altitune turbulence has been investigated to sonw. degree and gust
power spectrum densitites obtained (31, 32, 34, 38). The properties of
homogeneity, isotropy, and stattlonarity in low-level gusts are, however,
highly questionable. Etkin (3) states, "in spite of this, there would
seem to be no recourse, in the present state of the subject, but to use the
isotropic model for the lob-level case as well as the high altitudes. The
complexity of the problem is even then quite sufficient!" One of the factors
contributing to the problem of establishing low-level gust spectra is the
influence of terrain. Turbulence over the Sierra Nevada mountains (39),
for example, demonstrate& non-homogeneities to an altitude of several
thousand feet. High intensities appear in the power spectra at low fre-
quencies because of the persistent vereical mountain waves.

The general ivtensity of lcw-level turbulence is also influenced by
terrain. Lapp* (36) presents data which indicate that over highly irregular
terrain, gust intensity averages for one mile stgments tend to follow the
profile features of the terrain. This not only indicates that the energy
maxims follow the large scale terrain features but also that the energy
maxims ere not transported by the mean flow. By contrast, turbulent energy
is carried out to sea by the mean flow for d~stances of three to four miles.

Use of Power Spectra

Knowledge of the power spectrum of the gust disturbance, together with
knowledge of the transfer function, G(S), with S the Laplace operation, from
the variable of concern to the gust input, will paruit determination of the
power spectrum density of this variable due to the gust input by:

#o(M> - IG(jw)12  fi(M)

where fo(') is the power spectrum of the variable of concern and #i(*) is the
rower spectrum of the gust (40, 41, 42). An empirical gust spectrum form,
suggested by the authors, is the following:

#(4) . 02 L 1

Uo (14&)2

where again

02 a /o t() dw

There is no theoretical basis for this fora; but its agreement with measured
spectra, the preservation of the parameter, L, to account for low-level alti-
tude and other variations, and its simplicity suggest its use.
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Discrete Gust Shapes

Individual or discrete gusts are seldom encountered in practice, but
their consideration is useful for design purposes. As stated previously,
single, triangular gust wa-P shapes were assumed in estimating "effective"
gust velocities, with single period, one-minus-cosine shapes being used in
estimating "derived" gust velocities from acceleration data. Specifically,
the wave length for the one-minus-cosine wave shape is taken as twenty-five
chord lengths iihereas the triangular shape was taken to be twenty chord
lengths (2). Sharp edged gusts, wherein the vertical wind velocity is
assumed to change in a step fashion, are also useful in analysis (43) but
-ru essentially non-existent in practice.

The assumption of a one-minus-cosine gust shape is credible in view of
the 'eddy" nature of gusts and the characteristics of measured gusts, which
indicate that the spatial and time rate of change of wind intensities are
always finite. The period of he one-minus-cosine shape, however, should be
given careful consideration. Obviously when the vehicle under examination
has no wings a specification of the gust length in terms of chord lengths
has no meaning and some other criteriou must be used. As previously shown,
the gust gradient distance and intensity are essentially independent. The
probability of achieving any plausible gust length, for some given intensity,
is relatively high. From this argument, it appears that the period of the
one-minus-cosine gust which should be assumed is that which produces the
mt'st critical response. It is convenient to speak of the "frequency" of the
one-minus-cosine gust where the frequency, wo, is defined as 2n times the
reciprocal of the period. Using this nomenclature, the critical frequency
will usually be found to be that which corresponds to some natural frequency
in the vehicle. In the case of a missile this might be a slosh frequency
or a body bending frequency. In an aircraft it might correspond to the hort
period response frequency.

To indicate the importance of selecting the "frequency" of an assumed
discrete gust, the peak transient amplitude of a second order system was
measured when excited by a one-minus-cosine forcing impulse. A plot of the
normalized peak amplitude as a function of the ratio of gust frequency to
the undamped natural frequency is shown in Figure 30 for a system having a
damping ratio of 0.2. If this system were subjected tu a one-minus-cosine
exciation, where the frequency of the excitation was three and one-half
times the undamped natural frequency, it is seen from the curve thet the
peak amplitude during the resulting transient is only half the magnitude
thpt would result if the frequency of the excitation equaled the natural
frequency. For this simple second order system, used only as an example,
the maxim.'a value of the normalized amplitude escurs at a frtquency ratio
of one when the damping is less than critical. A curve of the maxLuMM
normalized amplitude as a function of damping ratio for this case is shown
in Figure 30. As damping is decreased the maxima naturally increase. The
one-minus-cosine excitation, being essentially an impulse, limits the input
energy; and, therefore, the peak response amplitude.
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A Linal characteristic, which is useful in control system analysis, It
the Fourier transform of the one-minus-cosine disturbance shape. Specifi-
caliy, if the gust is given by

U(t) Ude 1 (1 - Cos WOO O< t

u(t) 0> t> 2M
So

the Fourier transform is given .y

U(j) -Udes"o -- 1 Or

W ( %_ )I t 2L t-
owo

From t..is expression and knowledge of the transfer function of the system,
the transform of the response of the system may be obtained (44). A plot
of the Fourier transform magnitude, as a f:nction of the ratio of frequency
to the frequency of the gust form, is presented in Figure 31. It is con-
jectured that the summation of frequency characteristics of a number of
one-minus-cosine impulses, with appropriate consideration of their magni-
tudes and periods, will give a good approximation to the spectrum
characteristics of random turbulence.
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THRUST IRREGULARITIEf

Disturbances to the attitude and flight path of a conventional air-
craft resulting from irregularities in thrust of the main engines are
usually of a nature that their elimination is accomplished manually. The
thrust of the main engines or control motors of an unmanned missile, on
the other hand, may be uncontrolled or inaccurately controlled. Any thrust
irregularities which exist may significantly disturb the flight path or
attitude of the missile. Specific data on the nature or magnitude of such
irregularities are usually supplied only in part in the manufacturer's
specifications or performance manuals for rocket engines or motors. Those

values which are given are usually three times the mean deviation of the
factor's random variation. In a few cases the thrust irregularities of
engines have been measured in detail in connection with the design of
flL.ght control systems for particular missiles, but no general programs

are known in which an attempt has been made to compile statistical data
on the m~aitude of the various types of irregularities. Tt is the pur-
pose of this subsection to present the few disturbance data gathered

under this program and to indicate trends or possible associations of the
disturbances with various sizes and classes of rocket engines. Published

data of the type needed to accomplish this association were found to be

extremely limited. It was necessary, therefore, to obtain most of the
information from discussions with those engaged in the rocket engine
manufacturing industry and with those engaged in engine testing at -var-
ions governmental laboratories. For their assistance in supplying the
data of this subsection sincere gratitude is extended to personnel of

the Lockheed Propulsion Company; Rocketdyne Division of North American
Aviation Inc.; Aerojet-General Corporation; The Lewis Research Center,
Goddard Space Flight Cetter, and George C. Karshall Space Flight Center
of tue NASA; Thiokol Chemical Corporation; and Aro, Inc. References are
given in the following paragraphs only when the material was obtained from
published documents.

A short discussion of the types of thrust irregularities of interest
and their areas of applicability will aid in an understanding of the data
to be presented. The first irregularity which comes to ind is that of
variable thrust magnitude during "steady" burning, but a cursory analysis
indicates that variable thrust magnitude during the build-up and decay
periods are more likely to produce significant disturbances. Actually
both of these irregularities are impnrtant primarily for multi-engine
missiles or stages. Single and multi-engine stages are affected, however,
by drift and lateral deflections of the thrust vector which occur inde-
pendently of engine motion. The fact that the individual total impulses
of several engines clustered in c missile stage are very nealy the S.a
is of little importance to the flight control analyst. To the contrary,
variations in the burnout time of solid engines, resulting from slightly
different burning rates, may create a control disturbance so great that
thrust termination techniques ere required to eliminate the problem. A
realistic case analyzed for this phenomenon, resulted in an unusable fuel
value of two percent.
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Rocket motors used in reaction control systems are susceptible to the
sume types of irregularities as the main engines, except here the differ-
ences in impulse between the two motors used to produce a couple are highly
significant. Variations in thrust build-up and decay tine have added im-
portance in reaction control motors because of their direct influence on
the phase characteristics of the attitude control loop. The location of
fixed reaction control motors relative to the vehicle's center of gravity
and the alignment of their nozzles are factors which influence the reaction
control system performance but are not considered here.

Hain Propulsion Engines

Thrust vector drift within an engine can be attributed to unstable
burning and to thrust chamber dimensional variations. Crossly unstable
burning characteriotics are not found in produution engines but "slight"
instabilities typically occur when engines are operated above their design
thrust ratings (1, 2). One uprated liquid propellant engine of approxi-
mately 100,000 pound thrust was foand to have an average vector drift of
0.25 degrees with a maximum drift of 0.54 degrees. These drifts were
ecompanied by lateral vector displacements of one-quarter to one-half
inch. Vector displacements of one-quarter to one-eighth inch have been
recorded in engines in the 10,000 pound class. It appears that the dis-
placement variation decreases for smaller engines and is minute in re-
action control motors. There is evidence that vector displacements are
related to chamber, throat, and nozzle deformations as well as possible
combustion instability influences. The more rugged construction of the
solid propellant engines minimizes their vector displacement variations.
Unfortunately measurements of vector drifts and vector displacements have
not been made on most engines; and the number of measurements made on the
engines which have been examined is not sufficient for statistical evalua-
tion.

Some measurements taken on a number of current production, solid
propellant, single chamber, multi nozzle, rocket motors indicate the
occurrence of asymetric thrust conditions between nozzles to be quite
prevalent. The measured values indicate the side loadings on the motors,
due to the asymetric thrust discharge, to be as high as 0.5% of the axial
thrust. This thrust vector disturbance has been attributed to the posi-
tioning errors developed by the individual nozzles when gimballed at full
thrust. The causes of these position errors are nozzle thrust vector
shift due to erosiou and failure of the nozzles to return to assigned
neutrals.

Thrust build-up of the main propulsion engines can cause significant
disturbancee on multi-engine upper stages. (Initial or boost stages arc
usually mechanically helu down until the thrust in all engines has st&-
bilized and thrust build-up disturbances to the control system are thus
not produced.) Variations in thrust build-up differ for solid and liquid
engines. In the liquid engine case tee characteristics of the propellant
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control system are most influential; and the thrust may overshoot in one
engine by an amount equal to the value given in the engine specifications,
while the conjugate engi.e's thrust may not overshoot at all. A disturbing
impulse equal to the Oroduct of several percent of rated thrust times one
second =ay result. In solid engines the primary factor affecting the thrust
build-up is the initial temperature of te propellant. The sensitivity of
this factor is a function of ths particvlar propellant uced, but a one per-
cent chane in the thrust build-up rate for each two degreea change in
initial temperature is typical. The temperature differences between a
segment exposed to the sun and one on the shaded or wind cooled side of
a missile may be significant, especially if such pad con4itions exist for
extended periods prior to launch. The curves of Figure 32 illustrate how
the thrust, its build-up, and decay are influenced by temperature in a
solid engine, even though the total impulse is unaffected.

Variations in solid engine thrust decay times, as mentioned abce,
will usually be so great that thrust termination techniques will be re-
quired on all mnlti-engine stages to achieve acceptable performance.
Liquid engines typically have relatively small variations of decay in-
pulse, being eight to ten percent of the specified nominal decay impulse.
Also typically, the thrust of a liquid engine decays to five percent of
its initial value in one-half second, and trails off to essentially zero
in an additional second or second and one-half.

An interesting anomaly to the generally predictable shut-down char-
acteristics of the liquid propellant engines was experienced by a fully
develoned engine in the 10,000 pound thrust range. The anomaly occurred
in the form of a residual chasmber pressure surge, which occurred in mopt
cases about 14 seconds after shut down. The residual chamber pressure
lasted about 26 seconds and produced from 60 to 80 lbf-sec of impulse.
This characteristic is not considered unique to this particular engine
since it has been experienced occasionally by other liquid propellant
engines, and quite frequently on solid propellant motors.

Variations of thrust in liquid engines during "steady" burning are
usually small because of the use cf propellant modulating thrust controls.
The mean deviation of thrust during a firing is typically 0.08 percent.
From run to run tea mran deviation of average thrust is on the order of
0.35 perreont. Tho' random variation of the instantaneous difference in
thrust of conjug*.t engines, which constitutes a control system disturb-
ance in multi-engto.e applications, may be described by a power spectrum
density; but such data are not known to have been measured for any engine.
Examination of thrust-time curves and discussions of instrumentation
characteristics and limitations, however, have permitted the generation
of a crude approximation of a typical power spectrum density curve as
shown in Figure 33.

The thrust of solid propellant engines is generally not controlled
nor is it generally desired that the thrust be a constant. The design
of the grain, together with the characteristics of the propellant, deter-
mines the nominal thrust-tie relationship. Variations in the chemical
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and physical properties of the grain, however, cause the thrust, during any
particuiar firing, to deviate from the nominal curve (3). Plots of arbi-
trarily selected thrust--:ime curves for a s.,lid propellant engine are chown
in Figure 34. As can be seen in the curves, this engine is in the 3,000
pound thrust class. Larger solid engines, which are cast from a number of
batches o" propellant, exhibit less thrust variation from the nominal;
because of the averaging of characteristics of the many batches. Varia-
tione of the performance o: ,jor2llants rithin a batch are typically less
than one peLcent with between-ba.ch variations being less than one and
one-half percent.

One characteristic of liquid propellant main engines, which is not
related to thrust irregularities but which can produce a significant dfs-
turbance, is that of the propellant pump's angular momentum(4). As the pump
accelerates it produces torques in the exact manner as a reaction wheel.
During any period of time of rotation it obviously behaves as a gyroscope
and when it "runs-down" at engine shut-off it again behaves as a reaction
wheel. ON some proposed higher pressure engines this characteristic is
pronounced.

It a multi-engine stage is to be designed to operate with one engine
inoperative, this factor will obviously override all Gther requirements
for control power. Whether operating with all engines functioning or with
one engine not functioning, the other disturbances discussed 'n this sub-
section ust be considered, particularly those which influence the dynamic
performance requirements of the tlight control system.

Control Motors

Control motors consist of ullage and retro rockets, used for stage
separation and payload deceleration, and reaction conttol motora which pro-
vide control of attitude and vernier trpnslation.

Irregularities of ullage and retro rockets are generally similar to
those associated with the main propulsion engines, except that thrust vec-
tor drift and vector displacements are lower in magnitude and the varia-
tions in total impul5e and average thrust level variations of solid
propellant rockets are greater than the larger main Fropulsion versions.
The differences are directly related to the smaller sizes of the control
motorn. it is frequently Impractical to design for a misfire of an ullege
or retro rocket used for stage separation simply from consideration o2
separation clearances. Variations in thrust or impulse of these motors,
however, may be tolerable from a clearance scandpoint yet introduce tumble
rates of the upper stage which are highly significant as disturbances to
the upper stage flight control system. No statiscical data were obtained
on dicturbances in this particular area during the study.

of the various types of reaction control motors the cold gas type is
the most widely used at present. At a constant temperature and with a
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constant supply pressure, the variations in delay time, thrust rise time,
thrust level, and total impulse do not vary more than one percent. Manu-
facturing tolerances are such, however, that motor-to-motor variations in
the impulse, in some widely used models when subjected to the va-e elec-
trical signal, are as much as plus and minus ten percent.

Mono-propellant reection control motors using hydrogen peroxide are
the most widely used propellant type (5, 6). Numerous studies have been
made on the characteristics of particular motors and of the effe t of
certain design parameters. The main variable associated with hydrogen
peroxide motors is the delay time prior to thrust build-up (7, 8, 9). If
the catalytic bed, usually eownstream of the control valve and adjacent
to the nozzle, is at a temperature below about 40 degrees the hydrogen
peroxide will nut decompose. As the temperature is increased the time
delay before thrust build-up will decrease from several tenths of a sec-
ond to a minimum of approximately 50 milliseconds when the temperature
is above 100 degrees. Thrust decay time is a function of the volume
between the nozzle and the control valve, but will typically be a tenth
of a second. Once the catalytic bed temperature has been raised to a
value above 1,000 degrees, the reproducibility of characteristics for the
hydrogen peroxide motor is comparable to that of cold gas motor.

Bipropellant reaction control motors have been introduced in recent
years (10) but no field use of such motors is known. The obvious advan-
tage of hipropellant motors is the associated high specific impulse. A
second advantage is the small value of delay and thrust build-up times
which can be achieved. The data available indicate that delay times of
six to twenty milliseconds and thrust build-up times in the range from
one quarter to ten milliseconds are typical. The fact that two propel-
lants have to be metered, however, makes the likelihood of long-time thrust
and impulse repeatability questionable. A ripple of several percent at a
frequency in excess of 100 cycles per second is seen during the "steady"
thrust of this type motor, but lower frequency components are not evident.

One characteristic of the bipropellant motor, important when it is
used for short pulses, is the relatively large change in its thrust build-
up transient with decreasing ambient pressure. A motor which exhibits
essentially zero overshoot at sea level has a hundred percent thrust over-
shoot at altitude followed by a momentary decrease to near zero thrust
before steady state is achieved.
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ACOUSTICAL VBRATION

Acoustical vibratton is caused by a vehicle's propulsion system,
aerodynamic effects, and accessory equipment. The degree to vhich these
vibrations might be considered control system disturbances is semewhat
obscure. It is possible that the coupling of an airborne sound pressure
and a control surface would be significant in certain cases. Production
of false signals in. contiol s7stem sensors is also a poss!ble effect of
acoustical vibrations. Their major effect on structure is not within the

Acoustical vibration levels are greatly influenced by mointings,
structure, and skius, the designs of wbich in turn are almost limitless.
For this reason data are simply presented in the form of general magni-
tudes and frequeacies that have been recorded fron past experience with
both flight vehicles and static test stands. It is intended that the
informa.on will be useful in providing the analyst with tin insight as
to the approximate magnitudes of the parameters involved.

Of the various sources of acoustical disturbances, by far the most
important are the vehicle's engines. In aircraft applications the effects
of acoustics are relatively insignificant when compared to the other dis-
turbances seen by the control system. The problem is much more signifi-
cant for rocket powered vehicles; therefore, the major effort of this
section will be concentrated on rocket motor acoustics. In missile
applications the sound level is magnified by the fact that maximum q
(occurrence of maximum aerodynamic noise) conditions are usually trans-
versed while the engines are producing maximum output. Measurements have
indicated that the aerodynamic noise pressures increase approximately as
the dynamic pressure increases and may vary according to the external
shape of the vehicle, highest noise levels being associated with conditions
of flow separation. There is also a trend for the aerodynamic noise spec-
tra to peak at higher frequencies as the flight Mach number increases.

Although some analytical studies have been made of the noise environ-
ment of ground-launched, rocket-powered vehicles (1, 2), few seaeurad data
are available for large vehicles. Recent flight tests of three rocket-
powered vehicles in connection witb Project Mercury have, however, provided
some data of this type for a range of operating conditions. Some of thse
data are presented from Reference 3 and are compared, where possible, with
results from other studies. An attempt is also made to generalize these
datA for use in predicting the none enviroments of future vehicles. The
three vehicles used for the Project Hercury test were in the below 75,000
pound, 75,000 to 200,000 pounds, and above 200,000 pound thrust ranges.
The external geometries along with the Macl' number and free ctream dynntic-
pressure ranges for the vehicles were als quite different. The flight
data were recorded with the aid of onboard tepe recorders which were re-
covered after the flights. Data relating to the external noise environment
at lift off for the entire vehicle used in the tests are given in Figure
35. Sound pressure levels (SPL) in decibels (reference level., 0.0002
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dyne/cm2) are plotted for various relative distances along the missile,
h/d; where h is the distaace measured from the nozzle exit plane toward
the nose of the vehicle, and d is the equivalent nozzle dimter. For a
multiple-nozzle arrangement, d is assumed to be the diameter of a circular
nozzle equivalent in area to the sum of actual nozzle areas. As a matter
of interest, the thrust of large booster engines per unit nozz:e exit area
is nearly a constant. Thus, this quantity d is essentially proportional
to the square root of the total thrust of the vehicle.

The location of the two lines (Figure 35) was based on experimental
results from model supersonic jets and small rocket engines. The line on
the left represents the estimated SPL along the outside of the vehicle
for the case where the rocket-engine exhaust exists straight down and is
not deflected (4, 5). Such a condition as this might exist when the ve-
hicle is at a high enough altitude to be outside of the ground effects
but still at some low flight velocity. It has been found according to
Reference 3 that a turning of the exhaust stream results also in a turn-
ing of a noise field by about the same amount. On this basis the line
on the right has been drawu to indicate the mcxi-alm SPL that would result
from a 90* deflection of the exhaust stream. Plotted on Figure 35 also
are several datum points obtained for rocket engines of various thrust
ratings. It will be noted that the data for large rocket engines fall
generally between the extreme values of the lines. The only exceptions
are the datum points on the extreme right. These apply to an engine
having noise spectra which contain large discrete peaks probably resulting
from rough burning. It can be seen that the SPL increase in general for
stations closer to "e nozzle exit, that is, for smaller values of h/d.
Although this is a racher unsophisticated approach to predicting the SPL
along the surface of the vehicle, the fact that data correlated well for
a wide range of jet sizes gives confidence that it will be useful for
la-ger-thrust vehicles.

In addition to the overall SPL, it is of interest to know the inter-
nal and external sound levels and spectra at various stations along the
vehicle. As an example, data are given in Reference 3 for an operational
vehicle of the over 200,000 pound thrust liquid engine clasa, which show
noise spectra for both external and internal measuring stations. The data
as presented in Figure 36 for the nose cone area show pressure levels for
various octave bands in cps. The spectra measured at other external rta-
tions along the vehicle were of larger levels, and progressed in magnitude
with decreasing distance to the engines; but did not differ appzeciably in
shape from the external spectra shown in Figure 36. A procedure for cor-
relating rocket engine sound spectra levels in the region surrounding the
vehicle is given in Reference 6.

It has been noted that the internal noise pressures increase as the
dynamic pressure increases; but for constant q values, lower sound pres-
sure levels are associated with higher Mach numbers. In order to illus-
trate this, internal noise spectra data for two different Mach numbers
are shown in Figure 37 for a vehicle of the over 100,000 pound thrust
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range. In this figure, taken from Reference 3, S1PL is plotted for various
octave bands for both subsonic and supersonic Mach numbers. It appears
from the figure that the spectrum at the higher Mach number peaks at a
higher frequency. This shift of the peak of the spectrum toward higher
frequencies is believed to result in a greater transmission loss through
the structure (7) and thus to lower inside sound pressure levels.

Two other studies (12, 13) on similar vehicles of the 150,000
pound thrust range, recorded SPL of approximuately 1.37 db during launch
and transonic flight. Similar measurements recorded during captive
firings were about 150 db. These readings were taken externally at the
nose cone areas about 75 feet from the engines. The frequency spectra
were typical broad bnd noise with the majority of the sound energy con-
centrated in the frequency band of 60 to 1,600 cps. The data from
these studies agree well with the data from Reference 3. Rxamination
of the in-flight data on SPL at the same forward locations for these
three latter studies showed two typical peaks of acoustic disturbance,
one at lift-off and the second just prior to mxL/m q. This second
peak happens to coincide well with transonic occurrence, and indicates
tb? large effect of aerodynamics on the SPL's.

Another study (8) presents the values of acoustical noise surround-
ing a statically fired vehicle using two 33,000 pound thrust solid
propellant boosters and a 10,000 pound thrust turbojet sustaLner. The
recorded values are presented in Figure38 at various vehicle stations.
The highest intensity external noise is located at fuselage station
706 which is the approximate location of the booster engines' exhaust
nozzles and the sustainar engine inlet. The intensity of 186.5 db
recorded at this location is considered as a moderately intense sound
level, and would be capable of causing significant disturbances to
nearby equipment, depending on the frequencies of the noise and the
frequency response of the equipment. The frequencies recorded at
station 700 for the external noise levels are shown in Figure 39. From
the figure it appears that the greatest portion of the higher-intensity
sound falls in the 60 to 6,000 cps frequency, although lower and higher
frequencies are present at significant pressure levels.

The internal sound levels ara also presented in Figure 38 and show
the most intense levels to occur at fuselage stations 561 and 700 with
pressure levels of 163 and 162 db respectively. Station 561 is in the
center of an instrument bay, and therefore it would be of prime importance
to determine the effects, if any, of the sound pressure upon equipment
at this location. The frequencies of the internal sound pressures for
station 561 are presented in Figure 40, which shows the bulk of the high-
intensity noise falling between 60 and 600 cps. The internal noise also
has moderate intensity sound at lower and higher frequencies.

Vibration levels measured in this general vicinity on the vehicle
structure by means of accelerometers showed the mechanical vibrations
of the structure to be on the order 40 to 50 $Is with a fiequency of
400 to 600 cps at the asximm g levels. Lower frequency vibration
levels of less than 40 cps showed magnitudes of 4 to 10 gs. The
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magnitudes of these lower frequency vibrations seen to agree well with
values from Reference 10 for similar small solid propellant motors,
but are quite high when compared to values at cimilar low frequencies
for medium size liquid propellant motors in Reference 13. This may
be attributed to the fact that solid motors ere usually much more
rigidly mounted than liquid propellant motors and consequently transmit
combustion vibration more readily. The high frequency vibrations havs
primary effect in the analysis oi fatigue; but, when consideration is
given to the magnitudes, they may be of some influence on the control
system. The range of data in Figures 39 and 40 is particularly worthy
of note, with a spread on the order of 25 db seen for some frequencies
in Figure 40. Variation of such magnitudes from one firing to the
next of a given vehicle is not uncommon for the small to sdium size
missiles.

Comparison Levels

For noise analysis of engine applications, where no actual rwise
levels have been recorded, it might be useful to know the noise le-"tls
recorded from similar engines. Knowledge of similar engine noise Uvels
may enable a close approximation to be made on the basis of a similarity
comparison. Reference 9 presents SPL measured for fourteen different
engines in the 1,000 to 130,000 pound thrust range. A sumary of the
average near field SPL from the various standard engine sizes measurud
at several positions surrounding the engines is presented in Yigure 41a.
As a comparison the overall sound pressure levels at 250 feet at various
angles with respect to the thrust axis are shown in Figure 41b. Tor
noise levels at distances under 300 feet the inverse square method of
determination gives reasonably accurate results. The locations of the
various sound pickups used in acquiring the data in Reference 9 are
shown in Figure 42. Plots of the magnitudes of sound pressure in the
lowest recorded range of 37.5 to 75 cps for these locations are shown
in Figure 43. To compare the relative Importance of the higher octav
bands, Figure 44 presents the acoustic power level spectra associated
with the various engine sizes. A detailed analysis of seL's for higher
frequencies, as well as many other parameters of acoustic phenomena
for the various engines, are contained in Reference 9.

A significant fact that must be remembered when using acoustical
data acquired from statically fired engines is the variance in
structural responsa between a static engine mount and an actual payload
vehicle. The ideal approach to estimating flight vibration characteristics
from static test data is to use an acoustic isolator and soft mmting
system with the motor attached to its payload. Vibration measurements
on the payload should then be nearly identical with the actual motor
produced flight vibration. This ideal condition cannot be attained as
often as the analyst might desire, because each motor will usually
propel several dynamically different payloads or estimates of the
vibration enviromnt are needed early in the design test period of the
motor and payload vehicle when elaborate static tests are not possible.
For these reasons expediency often dictates a less than ideal condition
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for vibration instrumentation; specifically, use of actual payloads,
acoustic Lsolators, or soft test stands may not be practical. Further,
the accelerometers may have to be dttached directly to the motor case
rather than to structure representin6 a payload. A detailed approach
to the problems of proper simulation of acoustical vibration data for
use in perfoimance analysis along with some specific test result:s
supporting the theories itvolved is contained in Reference 10.

Exhaust Deflectors

The specific arrangement used for grund launch must be considered
since different designs of launch pads, flamte deflectors, and launch
positions can influence the sound pressure level produced in the
immediate viciniLy of the noise source. The particular distribution
of SPL along any given missile structure, for example, is intinately
related to the physical geometry of that particular structure and its
relationship to the ground support equipment and other adjacent reflective
or absorptive surfaces. Furthermore, for accurate interpretation of the
acoustical disturbances, a knowledge of the time and spatial correlation
of the sound pressures is required along the particular structural
elements of equipment exposed to the given sound field. Unfortunately
there is very little of this type data available. One study of sound
effects of this nature (11) presents a series of tests conducted on
several deflector and flame bucket designs to determine the changes
and comparisons of near field acoustic disturbances associated with
the various designs. The tests showed that the general result of
deflecting the exhaust blast was an increase in the near field SPL.
These increases occurred with all deflectors and usually occurred in
all frequency bands. This can be explained by the fact that in most
cases the source, the flow itself, was usually brought physically closer
or at least reoriented to the near field positions by the deflecting
actions. The perczntages of SPI, increase were as high as 10% in some
cases, which for high noise level engines can be most significant.
Further details of the various noise redistributions associated with
the different deflector designs can be acquired from Reference 11.

As shown in the previous paragraphs the data on actual acoustic
disturbances are of a scattered nature. The information available has
been gathered for fatigue analysis, human environment, and various other
reasons; and is of value in control system analysis only when used as a
guide to the possible existence of acoustical levels that can be of
consequence.

For the determination of engine sound level data for vacuum
operating vehicles, the data should be taken in an acoustically insulated
enclosure. If acoustic isolation is not used, the test results will
show vib:ation levels must higher than will be found in vacuum flight;
the results can then only serve to place a conservative top limit on
the vibration levels. If the payload is not used or simulated, or if
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a soft test stand is not used, the system dynamic characteristics
(determined analytically or experimentally) may be used to make approxi-
mate corrections to the measured frequency data; but experience to date
indicates corrections of amplitudes are not reliable. If vibration
meaaurements are made on the motor case the low-frequency data may be
corrected by dynamic analysis, but any correction of the higher-frequency
data may, however, be used to estimate the maximum level.
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MAGNETIC FIELDS

For extra-terrestial vehicles, disturbance torques may be produced by
the interaction of induced or established magnetic fields within the
vehicle with the magnetic field of the earth. The same interaction
incidentally can be used for attitude control or despinning. In the near
zero aerodynamic forces of the orbital environment, relatively small ft:ces
such as those produced by the magnetic fields of electrical devices can
produce torques that will rotate the vehicle. The magnitude of the torque
is of t.ourse a function of the vehicle's altitude (since the intensity of
the earth's magnetic field varies as the cube of the distance from the
eatch), longitude, latitude, moment arm, and field strength of the torquing
magnets. In all probability secondary torquing effects from equipment will
not be of particular significance in &tcitude stabilizatlon of satellite
vehicles since judicious shielding and de-perming can reduce any effective
internal magnetic fields to negligible levels. Of greater importance is the
satellite rotational decay resulting from eddy currents that are induced
in the satellite by its rotation in the earth's magnetic field (1).

The source of the earth's main magnetic field lies predominant within
the ea:th with approximately 1% contribution from sources outside the earth.
The field at the surface of the earth resembles that produced by a dipole
or short bar magnet located at the earth's center. There are significant
departures from the simple dipole field which are referred to as anomalies.
The large or regional anomalies which affect areas of thousands of square
miles are attributed to irtegularities in the earth's internal current system.
it is observed that these anomalies are moving very slowly westward, indi-
cating that the rates of rotation of the core and the crust of the earth
are different. Anomalies of lesser magnitude are referred to as "local"
or "surface" anomalies and are caused primarily by deposits of ferromagnetic
materitls within the earth's crust.

In the case of a satellite which must maintain directional alignment with
respect to the earth, it must have a rate of spin equal in magnitude to its
orbital rate. Since the vehicle is rotating in the earth's magnetic field
thare will be induced eddy currents iihich produce an upsetting torque. This
applies to weather satellites such as the Tiros or any vehicle that must
maintain an alignment Lu relationship to the surface of the earth. The
Tiros I exhibited an &gilar motion of three to five degrees per day which
was primarily attributaLle to magnetic effects. Where eddy currents do
constitute a primary source of undesirable spin decay, the orbital relation-
ship to the geomagnetic field is naturally suitable for use as an attitude
control torquing source in conjunction with a system of properly oriented
permanent or electromagnets. References 2 and 3 present analyses and proposed
solutions of the decay problem encounzered on Tiros I Meteorological Satellite.

From Reference 1, the following equations define the spin decay that an
orbiting, spherical, conducting vehicle will incur fer a small increment
of time:

" a ?o a-Ct
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Where OT  - angular velocity after time (t) (red/sec)

wTo - initial angular velocity perpendicular to the (rad/sec)
flux lines of the magnetic field.

and, C o2 2 a4  h

C=
3 R JM

where Io M permeability of vacuum

F - magnetic field intensity (oersteds)

a a radius of spherical shell (a)

h - shell thickness (a)

R = specific bulk resistivity -f the shell material

(R - 2.8 x 10s ohm-u for alumi mum)

- polar moment of inertia (KI,2)

8/15 a5 p W for a sphere with uniform density

distribution with p - mean density.

The above expressions wera evolved from the basic expression by Smythe
(4) which gives the magnitude of the retarding torque for a spherical shell as:

6h M o F2 R T a4 h

9 R2 + 2 a2 o r 2 h 2

Field Analysis

Spherical hamonic analysis, based on all observations of the field
vectors made over the earth's surface, yields a representation of the earth's
magnetic field in the furm of a dipole at the center of the earth whose field
gives a good fit to the actual irreguar field. The axis of the dipole gives
the geomagneti poles at 790N, 290V, And 79*S, 110. The moment is approxi-
mately 8 x 10' CGS units. It should be noted that these geomagnetic poles
are not the same as the " din" poles which are indicated as the magnetic poles
on most maps. The dip poles are the points where the magnetic field is
vertical and are located at 73*N, 262*9 and 68eS, 145*L

The spherical harmonic analysis yields an expression in the form such
that it is possible to compudte the earth's magnetic field component for any
point on the earth's surfcce or in space. The higher-order term give a
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good representation for the regional anomalies. Magnetic components may be
expressed (5) as approximate derivatives of the magnetic potential, v, which
is given in the form:

V a ( m CosMc+I m  sin a 1)

where a a earth radium (K.)

r - radius from cs.rth's center (L)

f - lagitude (ras)

* - lat"itude (raoi

I - cnnstant coefficiento

I - constant coefficients

lUn - Iyenee Polynomial* ',f derte n mad ordtr a.

The left portion of the cxpressi,,n viwitin the brackets repres.L ,8netisu
originating within the earth's sphere, while the rigit prtioc ... , Vesenta
magaetim originating outside the sphere. Thu coefficients as deri-ed in
the spherical harmonic aralysis indicate that all but a small perceat of the
earth's field is due to causas within its surface. This percent varies vith
altitude and sunspot activity--the latter of course cannot be accounted for
in the equation since it is a stochastic variable both in time and naanitude.
Plots of the magnetic intensity versus latitu"e for altitudes up to 1,000
miles and 60* longitude increments are given in Figures 45 through 50.

A computer program for solution of the above magnetic potential
expression is maintained by the Air Force at Kirtland AFB, New Mexico and
is available in several form including a 704 Fortran and on ALGOL subroutine.
Capt. J. A. Walsh and Mr. R. V. Murray of the Air Force Special Weapons
Center, Physics Division, Kirtland APB, maintain the program. The program
is available on request from the ff Special Weapons Center or on a 7090
program from the Lockheed-Georgia Company. Major contributions have been
made in this field by Dr. James Nepper, of NASA Magnetics Space Program,
Goddard Space flight Center, and the Air Force Cmbridge Research Center.
The latter has done extensive study on extrapolation techniques that give
accurate data at all altitudes (6).

A table of magnetic field intensity for various latitude, longitude,
and altitudes is given as Appendix I of this report. This table was compiled
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using a 7090 adaption of the AFSWC computer program mentioned above. Because
of the vast amount of input from geomagnetic surveys, including satellite
measurements, the computer program yields data that are within 1% accuracy.

This, of course, does not take into consideration local anomas'es but does

include the regional anomalies. The tabulation gives the total field in-
tensity and the x, y, and z conponents in the units of oersteds.

in analysis of magnetic data from the Vanguard III satellite (1959) is
given in Reference 7. One of the purposes of this work was to compare the
actual field measurements with computed values. Although mathematical
expressions have been derived for definition of the earth's magnetic field
at the surface, there was some question as to whether extropolation techni-
ques would yield suitable data for extra-terrestial field intensity. Re-

sults of the analysis of the Vanguard data indicate that the computed values

are within 1. for all measured points.

Magnetic Variations

There are numerous variations which alter the earth's magnetic field
with respect to location and time. Magnetic field variation in respect to
location as caused by local anomalies can be of major zignifLcance at the
earth's surface but loses importance with altitude such that above 100,000

feet it can generally be disregarded. The variation of the magnetic field
with respect to time is primarily a result ol magnetic storms, with all
other causes producing variations of les than one percent at the earth's
surface.

There have been little published data to date on field intensity varia-
tions at orbital altitudes during magnetic storms. The limited measure-
ments available indicate a peak change of 170 gamms at an altitude of 800
miles. However, extensive measurements have been made on the stArface with
changes of 10 to 15 gamma per second for 30 seconds or more occurring during
intense storms (1 gao a = 10,5 oersteds). During great magnetic storms the

variations of magnetic intensity may be as large as 5% of the total field
strength at the high latitudes and abodt 2% at lower latitudes. These

storms occur about once a year on the average. Values of one tenth the
great storm variations can be expected to occur several times a month.
Analysis of the surface data indicates that the causes of time variation
of the magnetic field lie chiefly outside the earth with '5% or less of

the variation being of internal origin. The effect of the Van Allen radiation
belts on the magnetic field intensity does not appear as significant as the

magnetic storm phenomena except at the boundaries of the radiation belts.
However, there is little substantiation data in this area and the overall
level of change of field intensity due to the radiation belts is not pre-
sently available.

A world map in geomagnetic coordinates as well as. isoT.e- s for totalp
horizontal, and vertical magnetic intensities is given in Reforence 8.

Included in Reference 8 is a relatively complete discussion n variation
nomenclature and tables on magnetic field variations as derived from many
years of observations at numerous stations distributed around tue earth's

surface.
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Magnetic Torquing for Attitude Control

The concept of using magretic reaction against the earth's field for
satellite attitude control has recently been an area of extensive investi-
gation. A score of magnetic torquing devices have been discussed in the
technical literature such as in References 3, 5, and 9. Practical design
equations have been derived to enable determination of the torque, size,
weight, and energy requirements for design of magnetic torquing devices.
By means of the equations, nomographs, and data tables that are contained
in Reference 5, rapid design of magnetic torquing devices is possible.

A sample calculation for an external air-core coil is as follows (5):

T - n i A Fe sin e

where

T - torque measured (dyne - centimeters)

n n number of turns in the coil

i - current (abamperes)

A - rir core area (cm2)

Fe  u magnitude of earth's magnetic field (oersteds)

o - angle between the coil axis and the earth's
magnetic field vector (radians)

If
re = .30 oersteds

D - (coil diameter), 152.4 cm (5 feet)
A U Tr (152.4)2  1.828 x 104cm

- Trad

n - 100 turns (#17 copper wire)

i - .12 abmp

T - (100)(.12)(1.828 x 104)(0.3) - 6.58 x 10 4 dyne-ca

- .93 oz-inches, this requires 1,570 feet #17 uire

which weights 8.85 pounds.

Resistance - 7.22 ohms @ 20'C

Power required - 2 R (1.2)2 (7.22) - 10.4 watts of input power.
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This relationship is illustrated by the following diagram:

from Barth -- Coil Axis

Magnetic Field \ (Right hand zule
on current)

To Earth North Pole To Earth South Pole
ResultinS
Torque

Current Flow

From analysis of the various equations and studies that have been made,
it is apparent that a syatem can be built that will yield a minium of
25 oz-inches of torque for less than 50 pounds of weight and requiring less
than 50 watts of power for orbital altitudes up to 1,000 miles. Of course,
the amount of torque a given coil can produce varies as a function of the
magnetic field components.
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SOLAR RADIATION

Solar radiatLon, when analyzed for its effect on the design of flight
control systems for earth orbiting vehicles, can be classified into two
closely related categories of infiucnce. The first is the force exerted
on the vehicle and the cyclic fluctuations of solar light pressure, and
the second is the variation of atmocpheric density and therefore drag due
to the cyclic variations of the sun's radiation field.

Solar Pressure

Solar pressure can be described as the pressure exerted by the sun on
each of its satellites due to the effents of its radiated light. The frev.
space intensity of solar radiation flowing per unit time through a surface
of 1 in2 placed normally to the light direction at the earth's mean solar
distance (4,910 x 1011 feet) is known as the solar constant of radiation,
S, and has the value (1):

S - 0.655 ft-lb in-2see-1

If the radiation is to be considered over a long time period, it is
necessary to include the effect of change in distance between the earth and
the sun. Because of the eccentricity of the orbit of the earth, the solar
constant varies between perihulion and aphelion as indicated below:

larth - Sun IMergy of Sun's
Distance In Radiation In

ft. ft-lb in
2sec 1

Perihelion 4.83 a 1011 0.665

Aphelion 4.993 x 1011 0.645

The earth-satellite distance is usually negligible vhen compared to the earth-
sun distance. For example, in the case of a satellite at a distance of near-
ly 6 earth radii, the error in radiation intensity is only 0.12% using the
earth-sun distance instead of the sun-satellite distance.

In the vicinity of the earth, the sun's light is to be considered as a
system of plane, finite, electromagnetic waves, traveling in empty space.
By Kavell's electromagnetic theory, an impulse in the direction of the
beam i3 associated with each wave. The total radiation pressure, Po, is the
ratio of the solar constant, 8, to the velocity of light, c, and is equal
to 6.67 x 10" 0 pouuds per square inch at the seon earth-sun distance.
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If the light rays form an angle a with the surface normal, the force

is given by:

F - PO A cos a

where A '- area of surface (ft2)

The force experienced by the surface will tend to move the body away from
the sun. It is assumed here that the body is not transparent and that
it is a perfect absorber, i.e. has zero reflectivity. Each of these factors
is a function of the wave length and angle of incidence and must be considered
in detailed calculations as indicated in Reference 1. If the surface were a
perfect reflector, for example, the force would be twice the value indicated.
Satellites are generally composed of shapes such as spheres, cylinders, cone!,
and planes. For those surfaces which are not normal to the radiation or
symmetrical with relation to it, there are force components that give
lateral displacements.

Generally the radiation force may be expressed, as shown in Reference 1,
as:

F PO x A x CF

where A is the projected area of the body and PO is the radiation pressure
in the vicinity of the earth. The function CF was introduced in analogy to
the aerodynamic expression for the diag, and may be called the "radiation
force coefficient." Its value (1) depends upon the transparency and ref1ec-
tivity of the surface. CF is limited by:

0 < CF 2

For: Plane Surfaces --------------------- 0 < CF u 2

Spheres -------------------------- 0.75 < CF < 1.25
< <

Cylinders ------------------------ 0.862 = CF - 1.471
(Illuainsted perpendicularly to the axis of symetry.)

Cones in Special Positions ---------- 0 < CF < 2

Parabolic Bodies ------------------- 0 < CF < 2

In summary, it can be stated that the radiation force acting on a
satellite is a function of the following quantities:

1. The sun-satellite distance.
2. The size and shape of the surface.
3. The optical properties: reflective ratio and transparency ratio.
4. The angle of incidence of light, t.
5. The distributior of the radiation energy in the solar spectrum.
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An item of izportance in determining solar pressure effects on a satellite
is the force that is introduced due to the re-radiation of sunlight from
the earth. When the sun is overhead, a satellite at a typical height experi-
ences an upward push due to the reflected component of sunlight amounting to
at least 20 percent of the downward push of the direct sunlight (2). When
the sun is at larger zenith distances, the effect i less important, but is
complicated by the fact that the repulsive force is no longer quite radial
from the center of the earth. Over the entire earth the magnitude of the
mean outward force due both to the reflected sunlight add to the infra-red
radiation by the surface and atmosphere is less than 20 percent of that due
to direct sunlight (2) for satellites with perigee heights greater than
500 miles. Although the effects of solar pressure resulting from radiation
reflected by the earth is not elaborated on in detail in this report, It is
an item that should be given careful consideration in the overall solar
disturbance analysis.

The Perturbing Acceleration Due .o Radiation Pressure

The disturbances that are imparted to a satellite due to solar pressure
are perturbing accelerations of the orbit. Their perturbing accelerations,
tamed the "secular acceleration," change the period from one revolution
to the next. In this discussion the tern "acceleration" refers to the non-
dimensional quantity AP/p where P is the period of an orbital revolution.

To determine the rate of -- inge in orbital period (the secular
acceleration) of a satellite ue to the effects of solar pressure the
following expression has been derived in Reference 2:

AP/p 1.40 xlO7D.7 D ini' 2 (14t 0s e2
(1-) 1 Ios,

Where:

P - the orbital period (days)

D A/lt (A- area and a - mass of satellite) (cm2/g)

X a (1-e) /4 q/Ro t 1

a - U.neth of semiajor axis of orbit (KO)

' = angle of inclination of sun normal to the satellite
orbit normal (deg)

0 * orbit eccentricity

4 radius of cylinder generated by earth's shadow (K.)

ASD-TDR-62-347 117



angle between the perigee-earth line and the
intersection of the orbit plane and a plane normal
to the orbit through the sun-earth line. (deg)

8 - angle between earth-erigee line and earth-satellite
line (deg)

To evaluate the bracket in this equation one must know the values of
the true ano;%aly, 01, and 92, the angles at which the satellite enters and
leaves the earth's shadow. To keep the problem tractable asaume, without
appreciable error, that the shadow is a circular cylinder of radius R9 with
its axis in t:he anti-.sun direction. In polar coordinates the values of 01
and 02 are the solutions of

42 2 (1"02)2 <

1 - sin2 i' cos 2 (0+0) (l+e cos 0)z 2 2

If there are no solutions in the second and third quadrants the satel-
lite is in sunshine all around the orbit. If there is ore solution, 01 - 92,
the satellite touches the shadow a5 only one place and spends none of its
tim- in darkness. Since / 4 a K- 1, then 01 and 02 are the two solutions
of:

(14e cog 9)2 K (1+e) 2  [sin2 1 cog2(0+0)] WiP M

Then specific values of 01 and 02 for a given high altitude satellite
can be found by computing i' and 0 for every few days and solving the equation
above by graphical or other approximate methods.

A general solution of the equation for AP/p is formidably oomplex be-
cause the angles of entry and exit depend on several arbitrary parameters.
For some specific applications one might consult References 2 aid 3 which
explain the effects of radiation pressure on the period changes of a high
altitude satellite. A quasi-general solution as a power series in the
eccentricity may also be found in Reference 2.

The Relationship of Radiation Pressure and Atmospheric Drag

In order to more clearly define the overall effects of solar pressure
upon the stability of an orbiting satellite, a brief comparison with atmo-
spheric drag ic presented in Reference 2. It is well known that the
instantaneous tangential acceleration of a satellite moving through a
stationary atmosphere is given by:

T - (Alm) (CD/2) PV2
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where: CD - dimensionless drag coefficient

P •atmospheric density (gm/cm3 )

A - reference area (cm2 )

m - reference mass (gm)

V - speed of satellite (m/sec)

When the magnitude of this perturbing acceleration is compared Z., that due
to solar radiation pressure, the ratio of the two is found to be approximately
unity (assuming the circular velocity) at a 500 mile orbit and a mean density
of the atmosphert at this altitude (4). When the sun its active #ad when it
is close to midday at the perigee of a satellite, the hLgh atmosphere is
distended and the level of equal magnitudes is above 500 miles.

Although solar pressure does not have a very large direct effect on
the smaller lower satellites, the indirect effects due to the variations in
solar radiation have a very definite result. Erratic changes in the
accelerations of a satellite were first detected in an analysis of observa-
tions of 1957 Beta I (5, 6 and 7). At first it was not clear whether these
cha;ngs were due to variativas in the presentation area of the satellite or
to density variations in the atmosphere; but when their presence was detected
also in the spherical Vanguard Satellite 1958 Beta II, no doubt was left
about their aimospheric origin. The presence of a 27-day periodicity
pointed to variable solar radiation as the cause of the atmospheric fluctu-
ation. The discovery that the accelerations of 1958 Beta II and 1957 Beta I
varied more or less in unison (7), and that those of the other satellites
followed the same rhythm, proved that the atmospheric fluctuations in general
are truly global.

A remarkable similarity was found by Dr. W. Priester of Bonn, Germany
between the acceleration curves of 1957 Beta I and the 20-ca solar flux
curve in the interval of November 11, 1957 to February 10, 1958. Also
Jacchia found a similar correlation between the 10.7-cm solar flux data of
the same period; and a comparison of the satellites' acceleration curves
with these data, extended over a whole year, showed a correlation which could
be classified as little short of perfect (7). They amounted to about 20 per-
cent in typical, well-defined, 27-day cycles in the accelerations of 1958
Delta I (perigee height 120 miles); but to about 70 percent in corresponding
cycles of 1958 Beta II (perigee height 400 miles). The 10.7-cm radiation
is closely correlated with sunspot activity, so that an excellent correlation
also exists between satellite accelerations and solar activity. For
further correlation, data from observations of 1958 Beta 1I (about 2,500
readings) and of 1958 Delta I (about 9,000 readings) were reduced by the
best possible means to obtain as accurately as poasible the two satellite
accelerations. These results were plotted (7) together with the 10.7-cm
solar radiation curve, as shown in part of Figure 51. Us can be seen, the
correlation with solar radiation is remarkably good, even in details for
the ianguard Satellite 1958 Beta II, for which accurate, well-distributed
Minitrack observations were available throughout. For the 1958 Delta I the
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observations are mostly optical, less accurate, and more irregularly distri-
buted, with occasional periods of near-invisibility. This fact, together
with the elogated shape, may have contributed somewhat to the poorer
correlation for this satellite.

The residual curve for 1958 Ot]ta I is a succession of long, smooth
waves of great amplitude which are mainly due to the 27-day fluctuations.
At only two spots in the whole curve is the smooth succession of long waves
interrupted by a transient, short-lived but unmistakable, secondary oscilla-
tion. The dates of these disturbances are July 8 to 9 and September 4, 1958;
they are exactly coincident with the only two great geomagnetic disturbances
that occurred during the satellite's lifetime. Both magnetic storms
followed at the usual one-day interval after the appearance of a flare of
importance -3 on the sun. The increase in the acceleration amounted to 40
percent in the July 8 event and to a lUttle more than 30 percent in the
event of September 4. These are actually lower limits, inasmuch as the
limited resolution may have smoothed out peahs. As can be 3een in Figure 51
the two disturbances are marked 0 and 2 respectively. Ho disturbance
%.ould be datected in the residual curves for 958 Bets 1 &vound the two
critical dates Lu July and September. This could be due to the much
smaller velue of the acceleration for this satellite, which accordirs to
Reference 7 would make the short-lived parturbation difficult to detect.

From curves for satellites 1958 Alpha and 1958 Beta II, as shown In
Figure 52, a major perturbativ of tho atmosphete can be seen which started
in tho second half of August 1958, and ccutinued for two or three months,
and pessibly lonler. This perturbation nccurred when the perigee of 1958
Alpha use in daylight and ratsed the acceleration level to etremely high
values which were never reached again even when the perigee returned to
the saw position with respect to the sun the following year (April to
August 1959). The global nature of the perturbatiun is evidenced by the
extremely rapid and perfectly synchronous rice in the a ccelerations of
both satellites between August 17 and August 27, 1958. The curve of the
10.7-cu solar flux does not offer any clear-cut clue to the cause of this
perturbation.

For the sake of comparison it is interesting to note the relative in-
fluence of drag and solar pressure upon a satellite such as Echo I. Plots
of the rate of change of period (P) due to atmospheric drag and to solat
radiation pressure are shown in Figure 53 from Reference 8. Data for this
figure were obtained by computing the solar pressure acceleration and sub-
tracting this from observed accelerations to obtain the accelerations
attributed to air drag. The notation is made that radiation pressure can
have no affect on the period if the orbit is circular (2). However, if the
orbit is non-circular and is partly in shadow, the satellite can enter and
leave the shadow region at different distances from the sun, re3ulting in a
net gain or loo* of energy from the radiation field. As can be seen, the
radiation pressure contribution to acceleration is, in general, of the same
order of magnitude as that of drag at the orbital altitudes of Echo I.
Paradoxically, when perigee height is near its minimum value, the change
in energy induced by radiation pressure it still comparable to that due to
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air drag, despite the increased air density. These facts can be underetood

in a quantitive way from the following argument from Reference 8. If the
air density depends only on height, then as a function of eccentricity, the
energy change due to air drag in one revolution is represented by a constant
term plus terms in even powers of the eccentricity. On the other hand,

when the qualifications givern above are satisfied, the energy change per
revolution due to radiation pressure is represented by a linear term plus
higher powers of the eccentricity; hence, the energy change due to radiation
pressure can increase more rapidly with increasing eccentricity than can
the energy change due to air drag when the atmospheric scale height is
large. This provides a reasonably qualitative explanation of the results

in Figure 53.

As may be seen from the end of the graph in Figure 53, the satellite
lost energy to the solar radiation field until the end of December 1960;
then the satellite stayed in sunlight throughout its complete orbit for
about two weeks. In January 1961, the satellite began to gain energy from
solar radiation in the manner described above. In fact, during the latter

part of January, the satellite gained ore energy from the solar radiation

than was lost due to air drag. This marked the first time that an artificial

satellite exhib'ted an actual increase in period.

Atmospheric Drag

Atmospheric density, as seen from the previous paragraphs on satellite
response to solar pressure, is also a cyclic variable. Studies of the
unper atmosphere made in recent years have revealed large variability of
atmospheric density at high altitudes and show that it is no longer possible
to use a single density curve such as that of the ARDC (1959) model atmosphere
without introducing errors of macy percent and even, at high altitudes,
orders of magnitude. The object of this portion of the report will be to
describe the improvements in the knowledge of the atmosphere which have
accrued in recent years. An excellent treatment of this subject, from which
the remainder of this subsection is largely taken, is given in Reference 9.

Below 50 n.m. many observations are available from rockets and radio-
sondes. Based on a detailed analysis of this data, Group I of COS5A
(Comittee on Extension. Standard Atmosphere) is presenting a revision of
the 1959 ARDC Standard Atmosphere (10), of which preliminary information is
already in print (11, 12). The COESA group has announced its decision to
construct not one, but nine standard atmospheres for the 0-55 sile range,
corresponding to different seasons and latitudes. In addition, one mean
atmosphere wva dMav d ro replace the ARDC model. It agrees rather closely
with that earlier model, differing by a few percent at some altitudes.

These iprovements can be incorporated most sJf.91y into present
calculations by applying a correction factor to the 1959 MDC densities to
account for the seasonal-latitudinal variation. The correction factors will
be found under the heading of Density Approxinations below.

Above 50 n.m. density observations are infrequent. In the absence of
more speciftc data use of the correctad ARDC atmosphere up to 76 a.m. is
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suggested. The 76 n.w. region is the approximate transition where solar
effects begin to aominate atmospheric conditions.

Atmospheric abcorption of ultraviolet rddiation from the sun is the
primary phenomenon determining air density at altitudes higher than about
80 n.m. above sea level. The density is found to depend upon the coordinates
of space and time in four principal ways, each of them related to the solar
influence.

1. Altitude Dependence - Density observations from satellite orbit
decay become frequent above 80 n.m. and continue out to abcrt 350 n.m.,
becoming rather sparse &bove 200 n.m. Higher than this, one has only the
somewhat inconclusive data from Echo I. The existing information shows
that the density profile is only approximately exponential. Various theories
have been proposed to explain this departure from the exponential decline
which exists near the earth's surface. Nicolet (13) has had the most
success by assuming that solar ultraviolet radiation, UV, is absorbed in
the atmosphere in an altitude layer between 54 and 108 n.m., and that
isothermality is maintained above some level by molecular diffusion.

Reduction of satellite data and construction of density profiles for
the 108-378 n.m. region have been performed recently by Jacchia (14) of
the Smithsonian Astrophysical Observatory (SAO), King-Hele and Walker (15)
iv Great Britain, and Paetzold (16, 17) in Germany. Jacchia's, although
the oldest, ham sevtral recommending qualities over the British and German
models: (a) Jacchia has derived an emperical analytic expression (presented
below) for the desity; (b) the results agree almost exactly with those
obtained fro- another study (9) using quite different reduction methods;
and (c) in tae light of Nicolet's calculations, the shape of Jacchia's
dencit i.;%file is more credible than that of the other two. The BAD model
is thum c'osely fitted to observed data, in agreement with theory, and
expressible in usable analytic form.

Between 76 and 108 n.m. a curve has been interpolated to connect ARDC
and SAO models. The interpolation is based on data from low orbits
(Discoverers, etc.) as -nalyzed from studies made in Reference 9. Above
378 n.m. the data curves have simply been extended in general agreement
with Echo I data reduced by SAO (18) and by Bonn University Observatory (19).

2. Diurnal Variation - The profile diLcussed above is not constant,
howover, owing to its dependence on solar ultraviolet radiation. The flux
of this radiation impinging upon a point in the absorption layer is subject
to various periodic fluctuations of large amplitudes. These fluctuations
in incident radiation are reproduced in the high-altitude air density. The
relative amplitude of the density fluctuations is about the some as that of
the radiation fluctuations; and, for simplicity, Jacchia taki density as
stirictly proportional to solar flux. There is a slight time lag intoduced
on account of the finite heating time of the atmuspheze.

The most important of these fiuctuations over any &Lven longitude is
due to the diurnal rotation of the earth (solar radiation t a point in
the al.,sphore reaches &maxim at noon and falls off to zero at night).
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The density distribution takes a finite time to adjust to this daily heating
cycle, so that the maximum daily density is not achieved until two hours
after noon. The night-time density is fairly constant near a minimum value,
the atmosphere retaining some portion of the solar energy absorbed on the
previous day. The amplitude of the daily variation increases markedly with
altitude, starting at 30% at 114 n.m. and reaching 900% at 354 n.m. As
might be expected, the effect displays a strong latitude-dependence, being
most pronounced near the latitude of the sun.

It is convenient to picture the diurnal effect as a spatial distribution
of the air mass about the earth. The entire dark hemisphere will have low
density; the bright hemisphere will have a density peak located about 30*
(2 hours) due east of the sub-solar point. The density distribution is
pictured as a "bulge," axially symmetric about the peak. It can be expressed
as an even function of Y, the geocentric nngle between the peak of the bulge
and the field point.

3. Eleven Year Variation - One of the longest known solar phenomena
is an eleven year activity cycle: Sunspot numbers and radiation flux
measured at the earth's surface display oscillations of 50% or more about
their average. A corresponding variation in ultraviolet intensity can
send the high-altitude density varying up and down by more than a factor
of 3. King-nele and Walker (15) have noted that densicy decreased by a
factor of about 1/2 between 1958 and 1960 (the peak of solar activity
having occurred in 1957-1958).

This effect is so large as to render meaningless any average density
curvr totally independent of time. Multiplying the average density by a
time-varying function of eleven year period will resolve the difficulty.
Jacchia (14) has chosen to moniter the decimeter solar flux as an index
of solar activity at ultraviolet wave length. This monitor is then applied
as a multiplicative correction to the density profile of paragraphs 1 and 2.

4. Twenty-seven Day Variations .. The deciaeter-band of the solar
flux also displays a fluctuation of irregular form and 27-day period (due
to the sun's rotation), which is also duplicated in high-zltitude air
density. Jacchia used the 20-cm flux as an indicator of ultraviolet in-
tensity, but most observers (11, 14, and 18) now find the 10.7-cm flux
measured at Ottawa to be more reliable. A normalization factor of O.85
must then be applied to Jacchia's formula (see !ensity Approximations).

For most general applications, current flux readings are unavailable,
A "mean level" of solar intensity, displaying the large eleven-year
variation, can be inserted into the equations and the 27-day fluctuations
carried as a possible 25% error. An approximate expression for this "mean
level" is included among the Density Approximations that follow.

Besides these four principal spatial and temporal variations, atmospheric
density is subject to various random disturbances. Jacchia (19) has presented
good evidence of the influence of magnetic storms. Paetzold (15) has
found some indication of an annual and semi-annual effect attributed to
interplanetary matter. It must be borne in mind that the accuracy of any
atmospheric model is limited.
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Using the best available information, air-density profiles have been
plotted in Figures 54a and 54b for the mean levels of late 1958 and late
i961, at the peak of the diurnal bulge and at the night-time minimum. This
has been done more to indicate the trend and range of the variations than
to provide an accurate basis for graphical interpolation. The suggested
continuations are indicated above 378 n.m. and below 108 u.m. (becoming
tangent to the ARDC curve at 75 n.n.).

Density Approximations

In the following expressions, the various parameters and geocentric
equatorial co-ordinates are defined as follows:

X,YZ G Geocentric cartesian coordinates of the field point,
where X and Y are in the eara's cquatorial plane,
(I positive in the direction of the vernal equinox
of date; Y positive outward on an axis 90 east) a-d
Z is measured north along the earth's spiu axis,
(nautical miles).

t g geocentric distance of the field point -11 2 + y2 +Z 2

(nautical miles) from center of earth.

,m,n - direction cosines of field point; 2. a * U -

d - days alapsed since December 31, 1957

Xx - celestial longitude of sun; an adequate approximation
in Vadians is:

he a 0.017203d + 0.0335 sin 0.017203d - 1.410

1 - inclination of ecliptic a .4092 rad

s' n 8, - direction cosines of sun
as h cos s s = sin X cosO n -sin s sine

- geocentric angle between sun and field point

cos 1" V5 + 80 + 'n

a iongitudinal lag of diurnal bulge: An adequate
average is .55 red

I' a geocentric angle between diurnal bulge and field point.

cos ?' - (0s + mms) Cos 0 + (all - lag) sin 0 + n

h a altitude above ellipsoidal earth in nautical miles
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flux of 10.7-cm solar radiation in units of 10-20 watt/
meter2 ; an adequate approximation is F = 1.5 + 0.8 coo
(2ffd/4020)

p - atmospheric density in slug/ft
3

The following equations allow a good approximation to atmospheric
density for any altitude up to 1,000 nautical miles:

0 to 76 n.m. In this region the ARDC (1959) atmosphere is to be used,
'ith a correction factor of

{l 0.6 n3 [l- cos t L(hk16)] Coxsf (+ 9)}.

applied between 16 and 50 n.m.

76 to 108 n.m. The following forumla will serve as a connection
between the two bordering regions. The slope of the profile will
often be discontinuous at the endpoints: 4/

-12 5/760-12 1 08-h + I.8 h-761 h-76 /1lcos V'
5.5x3 -2 0 (852) F L 153 219

108 to 378 n.u. Jacchia's formula (14) can be written, using the
10.7-cm flux, as:

p - Po,(h) (0.85 1) fi + 0.19 [enP(.01l)l. 9] (1+00 2 ogV) 3J
loglO po(h) - -15.309 - 0.00368H + 6.363 exp (-0.0048 h)

378 to 1.000 n.m. For these altitudes only an approximate form can be
given:

So+ co I)( 6 °106) + 6x 10
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HETHORS

The effect of meteors on control cystem design and analysis can
generally be considered as secondary and for many systems it can be ignored
entirely. There are three segments of concern in the overall problem area,
two of which are of primary interest to this discussion, and all three, of
course, apply only to extra-terrestial or satellite vehicles. They are:
orbital displacement of a satellite due to meteoroid impingement; induced
torquing of a vehicle that may have some asymmetrical shape or form; and
damage from impacts. Although the latter is not of direct concern for
this study it is probably the most important of the three and will require
considerable attention for long term satellites. The significance of the
latter item is because of the probability of partial or total incapacitnce
of one or more elements of a control system by total destruction, puncture, or
ievere meteoric errosion. ifor example, loss of the control system could
result from the accumulative effects of errosion on solar cells which pro-
vide power for the vehicle torquing or attitude control system.

The amount of data written on meteoroids indicates that the study of
distribution, size and density of meteoroids has been a favorite area of
research. Although there is an abundance of available material, there is
little agreement among the various findings. In actuality it appears that
accurate and high quality data will have to wait for more complete measure-
ments by a variety of satellites. The first of the satellite data are be-
ginning to be published, but there is little reliable information available
for use in this report. Preliminary evaluations indicate that the estimated
data will more or less bracket the actual.

The overall lack of satellite data on meteoroids is both surprising and
in some respects disturbing. it is intuitive to look upon this as a basic
area of investigation and one which would be more than adequately covered in
the fourth year of artificial earth satellites. Although the 1958 Alpha, Gama
and Delta satellites were instrumented to record micrometeoroid impacts,
the results of these measurements are of limited scope and usefulness. This
can be attributed to a number of factors such as satellite component failures,
the fact that the instrumentation and measuring surfaces were quite limited
such that recorded impacts were limited to the micron range, and the rather
limited scope of the program. It was suspected on the 1958 y that perhaps
the whole micrometeoroid transmitter or instrumentation array may have been
damaged by a sizable meteoroid on the second orbit since this coincided with
one of the annual meteor showers. There have been -nore recent measurement
on larger capsules, but the results of these measurements are not yet avail-
able.

It appears that meteoroid measurements were relegated to a secondary
area Lf importance in most programs, because the pre-satellite investigations
indicated that they would not be of primary concern to basic system safety or
endurance. Also, for this reason, there has been little requirement to fur-
nish more detailed information for programs such as Midas, Agena, or mercury.
Since the problem hai been regarded as one of secondary significance there
has not been the necessary emphasis to generate a systeu with enough
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sophisticated instrumentation to measure a large segment of the meteoroid
spectrum. The measuring problem is difficult because of the need for long
measurement times, a wide range of measuring capability and large measuring
areas.

It now appears that accurate size, weight, and velocity determinations
for bodies much above micrometeoroid size, i.e., larger than one millimeter
in diameter, will have to wait until widespread recovery of capsules permits
actual counts to be made on the surface of the vehicles. This has been done
with the first Russian manned satellites (1) but available data are incomplete.
Unfortunately the recoveries on the Discoverer series have been of
instrumentation and payload packages only. The Mercury program will be the
first United States effort that will enable examination of sizable capsules
after orbit. It must be stated however that the yield of useful data for
particles over a fraction of a gram will still be very limited even with
the direct measurements. Since the flux level of a meteor of this magnitude
is so low, statistical data with any degree of reliability would have to be
gathered by either a large number of satellites or by long exposure times.
Because of the low flux levels of the sizable particles, an estimation based
on ground observations may be the best available data for a number of years
to come. For instance, the flux of a peteor of I gram mass striking the
earth is estimated at approximately l0v per day. It is evident from this
that a sizable vehicle may stay in orbit many years without being struck
by a particle of this order of magitude.

Methods of Estimation

Estimates of the flux levels of meteors have been made by Whipple
(2, 3, 4), Pugh (6), Richelberger (6), Ruth (7), Bjork (6, 8) and others.
Variations between the findings of these principle contributors and the
estimates made by other individuals are off as much as two orders of magni-
tude. With respect to the estimates on micrometeors, the values vary as
mur cc four orders of magnitude as shown in Figure 55 from Reference 5.
There have been three primary methods of data collection: visual, photo-
graphic, and r" oIr. Extensive research has been expended on the determina-
tio, of meteor properties through correlation with the meteor trail and
visual magnitude. Siace the composition may vary from predominately stone
to predominately iron, the velocity may vary from 36,000 ft/sec to over 230,000
ft/sec and the angle of incidences for interception of the earth's atmosphere
also varies widely (5). The basik problem becomes one of significant
proportions. Estimates of the mass of meteors as a function of visual
magnit..de have been made by comparirg the tota. energy radiated to the
kinetic energy which particles of various masses traveling at meteor speeds
would have.

The smallest meteor that can be detected by the unaided eye is one
which would have a visual magnitude of +6, which corresponds to a meteor
diameterof approximately 0.04 inches and a mass of l.lxl0 "5 pounds, where
magnitude (M) equals 2.5 log (go/), K- - 1.944 x 10- 7 foot-candles, and
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E is the observed illtminance. Visual magnitudes as all ns -:4 can bu
detected with meteor photography type telescopes, which reveal particles
down to below 9x10"3 inches in diameter and Lasses of slightly less than
1.52xl0" pounds. Radio means can detect signels returned fron the ionized
trail of meteors down to +10 msnitude. For met:eors smaller than those
that yield a +11 visual magnitude, extrapolation techniques rust be used.
Existing data for micrometeors are based on extrapolation, which for
Whipple (4, 3) yields a masr decrease of 2.5 for each unit increace in
magnitude. Other observers suggest mass decreases which vary slightl7 frora
Whipple's. Equivalent sizes above 30 magnitude have no meaning since solar
pressure forces them out of the solar system.

Although the quantity of material available on meteoroids ib volweinous,
it is all somewhat hypothetical. in effect there are no empirical dott
available, as there have never been measurements to correlate vic'zal mtgni-
tude with actual size, mass and velocity. A meteoroid of a size such thet
a portion of it reaches the earth is well down the scale of magnitudes in
the range of -5 to -10. The probability of both me2auring the visual
magnitude and recovering the meteorite is slight. Therefore, the only inputs
that approach direct measurements are those from satellities using piezo-
electric sensors such a used on the Vanguard. These measurements were of
pazticles in the size range equivalent to the +24 to +30 visual magnitude
range (10-10 grams). Even these measurements (3, 9, 10) are subject to
considerable interpretation because of the number of variants to be consider-
ed. It is apparent that accurate and conclusive data on microoeteoroids
will take a number of years to develop.

Direction and Distribution

The problem of predicting the effect of meteoroids on artificial satellites
is furthcr compounded by the variability in both the direction and distri-
bution of the particles. The results of measurements of micrometeoric paths
indicate that most of the material is concentrated in streams or orbits which
intersect the earth's orbit. Up to 90% of the impacts occur in specific 12
hour, annually-recurring periods (5). Variations in the day-to-day flux rate
are as large as an order of magnitude. For the larger particles the variation
of flux. is probably even greater, as is evidenced by the thirty cc so annually-
recurring meteor showers which yield several orders of magnittvde more visible
meteors than the norm. It is not conclusive as to what degree of increase
there is in the smaller particles in concurrence with these showers.

With respect to direction, excluding the earth and satellite velocity
factors, the only generalized statement that can be made is that the earth
and atmosphere shield a satellite such that the areas of impact are restricted
essentially to those which are directed away or horizontal to the earth.

Control and Orbital Displacement

The question of whether meteoroids and micrometeoroids can have an
appreciable effect on the attitude or orbital position of a satellite has
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I
received little attention. This is partially because of the number of
indeterminates involved; but principally because it is generally considered
as secondary when compared with the other sources of perturbati%..s such as
solar pressure, magnetic effects, and the oblateness of the earth. From
consideration of the gross effect of collisions between meteoroids or micro-
meteoroids and the satellite, an equivalent long term pressure can. be estab-
lished.

By integrating the rate of change of momentum of all meteoroids, this
equivalent pressure is found to be on the order of ten to the minus twelfth
pounds per square ivch. Actually such an equivalent pressure has no
meaning on a short time basis, because of the low frequeucy of collision with
uny but the smaller micrometeoroids.

In many cases there will be very little transfer of momentum from the
meteoroid since the collision will be such that the meteoroid passes com-
pletely thirough the satellite with small loss of energy. Estimated penetra-
tion depths can be determined from the following empirical expression (5)
for stainless steel impactsd by iron meteors.

T - (1.35n V - 10.21) d

where

V - meteor speed (ft/see)

d * meteor diameter (ft)

T = penetration (ft)

Contained in Table 7, taken from Reference 5, is a listing of the
diameters associated with the various visual magnitudes of daily meteors
influx. Presented in Figure 56 (5) is a graph showing the distribution of
speeds for two sets of mteor data--one set was measured photographically
and the other using radio methods. Since the momentum of individual ueteoroids
is relatively large, those which do transfer momentum upon impact will pro-
duce significant force impulses. Such impulses will cause torques, de-
pending upon the point on the satellite where the impact occurs, rith the
possible result of a -ignificant attitude rate disturbance. A sample
calculation based on a five-foot spherical satellite in a 300-mile orbit,
with several plausible assumptions, indicates that an angular rate change
as high as 0.003 degrees par second might result from the impact of a
meteoroid with a visual magritude of 10. This angular rate is approximately
equal to the peak angular rate which the satellite tight have in a steady
state limit cycle. However, the probable rate of impac: of this si.se
meteoroid on the aszumed satellite is in the order of or* per hundred years.

The transfer of kinetic energy from a meteoroid to a satellite depends
on the relative velocities of the stellite and the meteoroid. If the
satellite is assumed to be stationary relative to the meteoroid, and it is
assumed that all of the meteoroid's momentua is transferred to the satellite,
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___- TABLE 7

VISUAL __ DIAMETER AVERAGE KINETIC
MAGNITUDE MASS STONE IRON FLUX ENERGY

1b. ft. ft. ft_2dayl ft-lb

-3 4.x 7- 1.3xcj0-2 !,.Sx 0 2  5,1XI10 12  1.2x107

-2 I.7x10L4 5.4.102 *.1,1o-2  1.3x1O 411 4.6x1.)6

0 2.6xlo-3  2.9x10-2  2.2xj0-2  8.2x10'1l 7.1x105

1 1.1X10-3  2.1X,0-2  1.4,X102  2.0,clO'0  2.9x10-5

2 4.44104  1.6x,0-2  11.2410: 2  5.1410 10  1.2xlO-'
:) 4.4x10-4  1.24102  9.0X10 3  i1.3x10' 9  4.6x104

4 6.8x10-5  8.5xl10 3  G.4xj10 3  3.3x10-9  1.8X104

5 2.6xi- 5  6,2x1O-3  I4.7x10-3  8.2x10-9  7.1x103

6 I.ix10O5 4.6x10-3  3.5x10-3  2.OxlO-8  2.9x103

7 4.4x10-6  3.4xl10 3  12.6x10-3  5.1x10-8  l.2xl03
8 l.7x10-6  2,5x10-3  1.9x10-3  1.3x10'7 4.6X102

9 6.8x.0:7  l.8x10-3  l.4x103  3.3xl10 7  l.8xI02

10 2.6x10 7  l.3xl.03  9.8x10-4  8.2x10-7  17.lxlO 1

EXTRAPLAX E-------- ---------- ------
112 4.4x10_8  7.3x1- 5.5xl0- 15. !:O6 .2x1
S15 2.6xl10 9  2.9x1 4  1 .2x14  j xi 5  711 1 *

20 26 13 6. 2x105, 4.7x1 5  18 4x10-3  7 .lx10,3

25 2.6410l I.JXLU_- J.83xlo, I 8.2x104l 7:1xlo:
30 12.6x10'5  2.qxlO 6  12.2xlO-b j .2X10 1  7 IX10'

600 in i i in n i ui
- -- .xrpolAted

-30 Theoretic&! upper lixitA

II - -Potog hic

t Theoretical lowe limit

30 _ 1~ i I
20 mmim n~ nuu~~

0.01 .05 1 5 10 50 90 95 98 99 99.8 99.99
Percent with speeds below ordinatt valus

]Figure 56. Distribttion of Geocentric Meteor Speeds
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Lhe kinetic energy increase of the satellite is equal to the initial kinetic
eaergy of the meteoroid times the ratio of meteoroid to satellite masses.
As previously indicated the division between translational and rotational

motion resulting from a kinetic energy change is largely a matter of conjecture.
it takes a large number of assumptions to get numeriual values in the
eteor-control system area.
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SENSOR NOISE

The term sensor noise, as used here, refers to noise signals which cause
acratic system operation; and also to noise siguals which reduce the fidelity
of performance of a flight control system. Specific data regarding the
occurrence or intensity of sensor noise can not be given in a manner such as
used in describing Winds, for example, because they are predominantly in-
fluenced by the design of the vehicle and control system in question. For
this reason, the information given in this subrection simply describes the
major sources of sensor noise due to environmental and general design
factors. Environmental factors which lead to sensor noise include electro-
magnetic fields, electrostatic fields, magnetic fields, vibration and even
gravitation fields.

As man example of the influence of tie electromagnetic field, consider
a system utilizing a very-high-frequency (VHF) receiver through which control
information is tronsmitted to a vehicle. The receiver way reject high-fre-
quency signals that are 100 db greater at the antenna terminals than is
the minium receivable VHF signal. However, if a powerful high-frequency
transmitter is energized in the vicinity, the interferenca may be sufficiently
great to saturate or block the receiver through action of its automatic gain
control. Harmonics or other transmitted frequencies ight fall directly
within the normal pass band of the receiver and thereby produce spurtou
signals.

An effect associated with electrostatic fields is the generation of a
"plasma" sheath of ions and free electrons -u connection with the shock vav_
of a vehicle traveling at hypersonic speeds within the atmosphere (1). The
resulting severe reflection and attenuation of electromagnetic waves can pro-
duce "radio blackout" and consaq4ent interruption of radio guidance infor-
mation. V. J. Tischer (2) indicates that systems utilizing doppler shift
as an information source can be disturbed by "variations of the wave-propagation
properviea along the transission path." Be points out, as examples of
possible disturbing influences, that variations 1may occur because of ioniza-
tion by meteors in the uprer atmosphere or radiation burst in from space."
He also states, " .... an observer flying through an electron clou4 may observe
a deviation of the doppler shift because of the inflcence of the cloud, de-
pending on the electron density at his position. Varying air density in the
upper atmosphere has a sinlar effecc."

A vehicle's guidance system that dQpends upon radio reception can alao
have its operation drastically impaired by corona discharge which becomes
evident in the ferm of "precipitation-static" interference (3). Cozon& may
be produced when a vehicle flies Qhrough electric fields, as may exist between
a cloud and ground; or vhen it is ezposed to impingement of chargeable
particles, such as dry snow, ice crystals, or dust. In such an atmosphure
the corona may become so severe that aporation of a &ivan electronic fdcility
on chu vehicle is cmplettly disrupted. In a 2henotmnon similar to
precipitetion-static charging, high-velocity exh5ust particles from a
propulsion engine may acquire an electrical charge in the engine, leaving an
opposite charge on the vehicle.
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Magnetic field variations can cause noise signals to be induced in
conductors in various ways. Mechanical vibration of wires in a "fixed"
field will cause induced voltages at the vibration frequency. Vibration
of the rotor of a synchro, for example, will cause an induced voltaga
variation at its output. Operating in a zero gravity evironment, a rotor
will be motivated to a greater degree when subjected to vibration; because
of the lack of a force bias resulting from its weight.

One noise source which can influence signal circuits by electro agnetic
radiation and conducted interference is the fluorescent lamp. The lamp
itself, being a gas discharge tube, produces white noise (4) over a wide
frequency spectrum. Additionally, the bullast, operated in conjunction with
the non-linearity of the lamp discharge, has both current and flux waveforms
that are by no means sinusoidal (5). Interference over a wide frequency range
is thus produced, posing a serious threat to sensor equipment operating at
carrier frequencies well above the frequency band associated with flight
control system response,

Before & control system is designed or built, the noise generated vithiu
the censors to be used may be ascertained from the sensor manufacturer or
from tests; however, the circuit and mechanical arrangement in which they
azu used will greatly influence the actual noise level experienced. Com-
ponents such as synchros or tachometers have voltage variations (slot effect)
synchronized with the angular position of their shaft (6). When connected
in a control system, they may exhibit an additional voltage variation due
to irregularities in the associated Searing.

High frequency etanding waves on vehicle structure or other conduators,
such as racks and cables, can arise because of electrical coupling to high-
frequency energy sources. "Hot spots" which may result can cause significant
impedance changes within the system. Rectificaticn of the high-frequency
energy can occur wherever it passes through an electrical non-linearity, such
as a junztion of dissimilar metals, with the resulting direct current voltages
producing bias signals in control circuits, Other potential differeaces
between various points on the vehicle structure can result from ground
currents which may either directly or indire tly cause ofg-setting signals.

Interaction between the flight control system and other systems on the
vehicle can irequently cause erratic operation of the control system and may
therefo'e be cons.dered as noise sources. The "prop modulation" of radio
signals on propeller or rotary win& vehicles can equal or e"ceed the
intenti onal mcdulatio in some ceses. Unsynchronized alternating current
generators will produce )eat frequen ies which can cause hunting in various
control system circuits. The major interaction, however, is frequently
found between the control systm and the properly operating power sources
which it uves. Voltage and irequency variations of the electrical supply,
resilting from. the dynamic response characteristics of its voltage and fre-
quency regulators, may ccuple with the dynamic characteristics of the flight
control system and thereby drastically affect its operation. It is also
possible for a similar coupling to result from the interaction of the pressure
or flow control of a hydraulic power source and the dynamic characteristics
of a system utilizing a hydraulic actuator.
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IV DATA SOURCES

Numerous programs producing data which will supplement those given
in Section III are either planned, in progress, or recently completed but
not yet reported. The purpose of this section is to identify such pro-
grams so that the information can be acquired and utilized when it becomes
available. There are some areas of stochastic disturbances where little
or no effort has been made to gather data and no informatior on planned
programs can be found. Recommendations concerning these areas are made
in Section V of this report.

WINDS AND WIND SHEAR

high altitude wind measurements are currently being made in Australia
by that government's Weapons Research Establishment and the University
College, London. The measurements are being made under twilight condi-
tions, using the smoke grenade technique. Particular attention is being
paid to the 250,000 to 400,000 foot altitude range which will provide
data in the gap between the altitudes where the light and sound techniques
and the glowcloud technique are utilized, with an overlap in each case.

Actually any valid wind data from this region are useful since southern
hemisphere wind data are rather sparce.

Wind speed studies are being conducted in England undev the auspices
of the University College, London and the British Meteorological Office,
and independent wind end deasity measurements are being made by the Uni-

versity of Belfast. The methods used in obtaining these data are the
tracking of sodium clouds and the luminous glows which follow grenade
bursts above 300,000 feet. Results of this work can be used in evaluating
the validity of the general theory of uniform global wind conditions in the
300,000 foot altitude range.

it is also planned by the British Meteorological Office to use small
rockets launched from sites in the British Isles to raise the present
radiosoude ceiling of 100,000 feet first to 200,000 feet, and later to
300,000 feet. Design studies for suitable rockets are complete. (This
rill be a natural extension of balloon soundings.)

NASA is conducting tests with sodium-vapo= trails, released at numer-
ous altitudes between 240,000 feet and 2,300,000 feet. Lithium vapor is
also being used in the 2,000,000 feet range. The purpose of these tests
is to measure atmospheric winds, turbulence, density, and diffusion
effects. Results have shown intense winds and turbulence up to altitudes
of 320,000 feet. All launchings in Zhis program are being made from
Wallops Island, Virginia.
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GUSTS

There are no known plans for future work in the area of gust measure-
ments. It is felt, however, that a careful examination of the results of
the recent Douglas study, given as Reference 33 in the gust subsection of
Section III, may reveal more detailed information directly usable in flight
control system analysis.

THRUST IRRUGULARITIKS

Basic data from which power spectra of t.:rust variations and engine
to engine differences may be obtained from Aro, Inc. at the Arnold Air
Force Station. Similar basic data may be obtained from the various ma4u-
facturers of solid and liquid propellant engines.

Liaited work in the area of thrust vector drift measurement is being
done at the Lewis Research and Goddard Space Flight Centers of NASA. In-
vestigations of the characteristics and irregularities of reaction control
rockets and "microjets" are also being carried out at these same two organ-
izations.

ACOUSTICAL VIBRATION

Programs to gather acoustical vibration data from missile flights are
active at tha Lockheed Missile and Space Company, Convair Division of
General Dynamics Corporation, and Douglas Aircraft Company. Generally,
these programs are given a low priority and their required instrumentation
and telemetry channelt, are among the first to be eliminated when a firing
plan is frozen. As a consequence, the present extent and validity of such
data are venting.

KAGTIC FIELDS

A program is scheduled by NASA and the University of Michigan to
launch two Javelin o kets from Fort Churchill, Canada, and two from Wal-
lops Island, Virginia, for the purpose of measuring magnetic fields. A
program to use a Skylark carrying a proton precession magnetomter for
manetic field measurements is also planned by the Geophysics Department
of the Imperial College in London. Correlation of the results of these
programs with the results given in the magnetic field portion of Section
III would be useful.

SOLAR EADIATION

Rxtensive stLAies have been made in Germany by R. 1. Faetzold,
Fr. Decker and W. Priester on the effects of solar radiation on atmos-
pheric densities. A model of atmospheric densities from 400,000 to
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5,000,000 feet altitude has been compiled relating the solar activity,
diurnal, and semiannual effects of radiation as determined from various
satellite tracking programs. References to some of the recent published
works resulting from these studies are included in the Bibliography
Section.

METEORS

The Queen's University of Belfast, England is making micrometeorite
studies by using micrephone type detectors in Skylark rockets. These
operate successfully in flight and impact records have been obtained.
Other micrometeorite studies using the same rocket, but employing a
different measuring technique, are in progress at the Jodrell Bank
Station of Manchester University. The technique consists of exposing
thin sheets of aluminum foil to inpacting particles which form holes
upon impact. The holes are scanned by sunlight and transmit light pulses
tich are detected by silicon cells. Calibrated holes allow an estimate

'.o be made of the size of the micrometeorite thus detected. A form of
this instrumentation suitable for installation in satellites is being
developed.

Microeteorite instrumentation, included as part of the payload in
1960 Xi (Explorer VIII), included one detector which consisted of two
microphones with a maxiuzm detectable sensitivity of 10-4 dyne-seconds
and a dynamic range of three decades, and a second detector consisting
of a photo-multiplier tube with a 1,000-A evaporated layer of aluminum
on the window. Light flashes generated by micrometeorite impacts in the
aluminum are translated into pulses of varying length and &plitude by
the photo-multiplier. The pulses are then interpreted in terms of the
kinetic energy of the impinging particle. Results of this program, which
was under the direction of NASA, shnvuld be available !n the near future.

The 1960 Zeta (Midas II), launched by the Air Force in May 1960,
carried acoustic micrometeorite detectors for particles larger than 6
microns. Preliminary analysis of data received from the satellite in-
dicated impact rates larger by a factor of 3 to 10 than previously
measured.

NASA is planning a micrometeorite satellite for launch in the near
future. This satellite will be instrumented to obtain a direct w.asura
of the micrometeorite puncture bezard to structural skin sailles by
measuring micrometeorites having momenta in the range of 10- gram
centltaeters per second or larger. Five types of detectors will be nsed
including pressurized cells, foil gages, wire grids, cadmivu sulfide
photocells, and piezoelectric microphone detectors. The eatellite will
also carry silicon solar cells for ev .uation of erosive arA other adverse
effects of the space environment. The shape o! this satellite is
cylindrical, about 24 inches in diameter and 77 inches long, allc&ing a
seasuring area in excess of 23 square feet.
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SENSOR NOISE

No general study programs are known which cover sensor noise.
Noise information can undoubtedly be obtained for specific sensors from
their manufacturers, but sensor noise related to applicable c€rcuits and
environments could be obtained only from an extensive compilation of
data from many subsystem and system designers.

An excellent collection of references in onst field of interest is
found in a special bibliography of the Lockheed Nissile and Space Company
entitled, "Effects of Electromagnetic Fields upon Instrmutation
Components and Systems," SB-60-27, July 1960, by George R. Evens.
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V RECOWMIENDATIONS

A careful review of the many programs supplying data for this report
clearly indicates a lack of appreciation on the part of the originators
and investigators for the application of their findings to the flight
controls systems. It is recommended therefore, that the project engineer
assigned to this program promulgate and stress the importance of stochastic
disturbance data to control system analysis by means of correspondence,
publicatioa of articles in "pcpular" technical magazines or other nedia.
The improved usefulness in the form of data reporting which might result
would be highly beneficial. It is also possible that this orientation would
encourage the slight inczaase in effort required to obtain data useful in
control system anilysis in programs primarily directed towards other basic
objectives.

It is recommended that some effort be made to have this report revised
from time to time so that the information will be current an.1 complete.
Whea more extensive low altitade wind and wind shear data are gathered from
balloon so-indings, using the rawin-2 system for example, the results
presented here should be modified if such is indicated.

Due to the importance of thrust irregularity disturbances and the
present lack of data in this field, it is recomended that a specific program
ba initiated to obtain vector drift statistics and power spectral densities
of thrust variations for the more important main propulsion missile engines.
Data on thrust irregularities of reactior ;o.trol motors should also be
included as a part of such a program.

The interface probla involved in the manner in which both stochastic
and non-stochastic disturbancas are applied to the analysis of a flight
control system is an area worthy of study. The importance of selecting the
proper period of a one minus cosine gust impulse, discussed briefly in this
report, is a prime example. Amother would be the establishment of relatious
between the thrust build-up ",4 decay times and the ultimate attitude
resolution obtainable in . "bang-bang" type reaction control system. It is
reccomended that applicati=n problems of this nature be formulated and a
program for their analysis carried out.
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APPENDIX I

TABLE OF EARTH MAGNETIC FIELD INTENSITIES

The table of magnetic field intensities presented in this report is
in'luded not brcause maguetic field intensities are considered as stochastic,
but ,ecause a detailed table of field intensities in the area of satellite
otbiting ih not readily available.

One computex program for the solution of the magnetic field intensity
equations (Magnetic Fields) is maintained by the Air Force qt Kirtland AFB,
New Mexico and is available in several forms including a 704 Fortran and a
ALGOL subroutine. Capt. J. A. Welch and Mr. R. W. Murray of the Air Force
Special Weapons Center, Physics Division, Kirtland AFB, maintain the pro-
gr'm. The following table of magnetic field intensities is zhe result of
a computer run by Lockheed's Georgia Company using this basic program, but
modified for use o, the 7090. The 7090 program is available on request
from the Lockheed-Georgia Company.

The table of magnetic field intensity is given for the various
latitudes, longitudes and altitudes up to 1,000 miles from the earth's
surface. The incremen. -f field location were made relative?- small to
afford interpolation fo 'ntermediate values that may be required. Because
of the vast amount of input from geomagnetic surveys, including satellite
measurements, the computer program yields data that are within 1% accuracy.
This, of course, does not take into consideration local anomalies but does
include tbe regional anomalies. The tabulation presents altitude (H) in
feet, latitude (theta) and Longitude (phi) in degrees, the totai intensity
(B), and the X (Bx), Y (By) and Z (Bz) components in the units of oersteds.

The vector relationship of the various components are illustrated in
the following diagram:

D Bx

E X (last-West, Longitude)

IyBYY

(North-South, Z (Vertical)
Latitude)
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wh~ere:

X to Horizontal east-west direct~on.

Y vtHorizontal north-south direction.

Z - Varticel (to earth) direction.

B - Total magnetic field intensity.

Bb - Horizontal component o ' magnetic fiel.d intensity.

N Horizontal east-west camponent of magnetic field intensit r.

By- Horizontal notth-sonth component (Af magnetic field iu,.C~ifLty.

-z Vertical comaponenit of magnetic field intensity, positive
downward.

I a Kagnetic xnclinatior; the angle between Bh and 3;
the angle by which a freely privoted magnetic needle
dips below the horizontal. Positive when the north~
pole of the needle points down.

D - Declination: the angle between Bb and X; the angle
between the geographical north and the magnetic north.
Positive when the magnetic north io east of the geo-
graphical north.
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H THETA PHI B Bz By Bx

(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

O. -90.00 . .5633 -0.5432 0 0

0. -80.00 0. 0.5252 -0.4988 0.1439 0.0793
0. -80.00 15.060C 0.5322 -0.SO86 0.1204 0.0999
0. -80.00 30.0000 0.5383 -0.5183 0.0926 0.1123
0. -80.00 45.0000 G.5429 -0.5259 0.0641 0.1183
0. -80.00 60.0000 0.5476 -0.5325 0.0371 0.1222
0. -80.00 75.0000 0.5552 -0.5412 0.0072 0.1237
0. -80.00 90.0000 0.5659 -0.5529 -0.0241 0.1183
0. -80.00 105.0000 0.5791 -0.567 -0.0514 0.1054
0. -80.00 120.0000 0.5969 -0.5859 -0.0126 0.0881
0. -00.00 135.0000 0.6218 -0.6117 -0.0909 0.0652
0. -80.00 255.0000 0.6497 -0.6401 -0.1076 0,028
0. -80.0 r  165.0000 0.6685 -0.6578 -0.1163 -0.0270
0. -80.00 180.0000 0.6668 -0.75 -0.1068 -0.0914
0. -80. 0 195.0000 0.6426 -0.6213 -0.0765 -0.1450
0. -80.00 210.0000 0.6044 -0.5780 -0.0327 -0.1736
0. -80.00 225.0000 0.5656 -0.5373 0.0145 -0.1760
0. -80.00 20.0000 0.5361 -0.5082 0.0580 -0.1604
0. -80.00 255.0000 0.5185 -0.4912 0.0953 -0.159
0. -80.00 270.0000 0.5096 -0.4820 0.1262 -0.1070
0. -80.00 285.0000 0.5058 -0.4775 0.139 -0.0742
0. -80.00 300.0000 0.5058 -0.4772 0.1631 -0.0398
0. -80.00 315.0000 0.5088 -0.480 0.1683 -0.0070
0. -80.00 330.0000 0.5133 -0.4847 0.1672 0.0235
0. -80.00 345.0000 0.5188 -0.4908 0.1596 0.0527

0. 70.00 0. 0.4516 -0.4079 0.1784 0,0753
0. -70.00 15.0000 0.4719 -0.4313 0.1621 0.1019
0. -70.00 30.0000 0.5016 -0.4681 0.1382 0.1159
0. -70.00 15.0000 0.5181 -0.4941 0.1099 0.1104
0. -70.00 60.0000 0.5199 -0.5004 0.0861 0.1118
0. -70.00 75.0000 0.5431 -0.5237 0.0589 0.1310
0. -70.00 90.0000 0.5920 -0.5763 0.022 0.1339
0. -70.00 105.0000 0.6312 -0.622 -0.0119 0.1033
0. -70.00 120.0000 0.6438 -0.6400 -0.0314 0.0619
0. -70.00 135.0000 0.640 -0.624 -0-0299 0.0339
0. -70.00 150.0000 0.6609 -0.6604 -0.0190 0.0196
0. -70.00 165.0000 0.6980 -0.6978 -0.019 -0.014
0. -70.00 180.0000 0.7152 -0.7111 0.0031 -0.0764
0. -70.00 195.0000 0.6963 -0.6847 C.0264 -0.1239

0. -70.00 210.0000 0.6599 -0.6417 0.0436 -0.1435
0. -70.00 225.0000 0.6119 -0.5880 0.0601 -0.1581
0. -70.00 240.0000 0.5600 -0.5319 0.0838 -0.1541
0. -70.00 255.0000 0.5182 -0.4856 0.1147 -0.1400
0. -70.00 270.0000 0.4852 -0.4465 C.1492 -0.1176
0. -70.00 285.0000 0.4j627 -0.4191 0.179b -0.0788
0. -70.00 300.0000 0.4610 -0.4157 0.1959 -0.0362

0. -70.00 315.0000 0.4645 -0.4186 0.2013 -0.0093
0. -70.00 330.0000 0.4561 -0.4092 0.2010 0.0136
0. -70.00 345.0000 0.4471 --0.4009 0.1928 0.0444
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H THrA PHI B Bz BY ax
(feet) (degrees) (degrees) ("eratedv.) (oersteds) (oerateds) (oursteds)

0. -60.00 0. 0.3825 -0.3385 0.1628 0.0723
0. -60.00 15.0000 0.3903 -0.3511 0.1498 0.0815
0. -60.00 30.0000 0.4147 -0.3751 0.155 0.G995
0. -60.00 45.0000 0.4538 -0.4184 0.1369 0.1099
0. -60.00 60.0000 0.4837 -0.4568 0.1134 0.1115
0. -60.00 75.0000 0.5168 -0.4944 0.0920 0.1192
0. -60.00 90.0000 0.5621 -0.5436 0.0821 0.1169
0. -60.00 105.0000 0.,6106 -0.5980 0.0708 0.1013
0. -60.00 120.0000 0.6490 -0.6436 0.0565 0.0615
0. -60.00 135.0000 0.6689 -0.6668 0.0381 0.0236
0. -60.00 150.0000 0.6.845 -0.6819 0.0588 -0.0033
0. -60.00 165.0000 0.7189 -0.7131 0.0844 -0.0348
0. -60.00 180.0000 0.7076 -0.6906 0.1163 -0.1013
0. -60.00 195.0000 0.6462 -0.6176 0.1145 -0.1237
0. -60.00 210.0000 0.6021 -0.5664 .1658 -0.1)97
0. -60.00 225.0000 0.5743 -0.5370 0.1713 -0.1100
0. -60.00 23.0.0000 0.5532 -0.5?53 0.1639 -0.1168
0. -60.00 255.0000 0.5149 -0.4685 0.1722 -0.1264
O. -60.00 270.0000 0.4687 -0.4124 0.1892 -0.1173
0. -60.00 285.0000 0.4236 -0.3572 0.2100 -0.0881
0. -60.00 300.0000 0.3983 -0.3239 0.2277 -0.0431
0. -60.00 315.0000 0.3835 -0.3084 0.2280 -0.0012
0. -60.00 3 0.0000 0.3728 -0.3088 0.2064 0.0315
0. -60.00 335.0000 0.3711 -0,3177 0.1832 0.0570

0. -50.00 0. 0.3285 -0.2852 0.1459 0.0727
0. -50.00 15.0000 0.3487 -0.3127 0.1338 0.0766
0. -50.00 30.0000 0.3735 -0.3410 0.1312 0.073.
0. -50.00 45.0000 0.3991 -0.3651 0.1334 0.0902
0. -50.00 600000 0.3385 -0.4057 0.1308 0.1029
0. -50.00 75.0000 0.4862 -0.4592 0.1137 01113
0. -50.00 90.0000 0M5323 -0.5132 0.0983 0.1020
0. -50.00 105.0000 0.5902 -0.5758 0.0937 0.0892
0. -50.00 120.0000 0.6343 -0.6244 0.1028 0.0428
0. -50.00 155.0000 0.6572 -0.6460 0.2:n6 0.0070
0. -50.00 150.0000 0.6456 -0.6261 0.1516 -0.0320
0. -50.00 165.0000 0.6351 -0.6066 0.1799 -0.05.8
0. -50.00 180.0000 0.6141 -0.5768 0.1913 -0.088
0. -50.00 195.0000 0.5815 -0.505 0.169k -0.1005
0. -50.00 210.0000 0.5357 -0.4908 0.1873 -0.1046
O. -50.00 225.0000 0.5014 -0.4532 0.1938 -0.0918
0. -50.00 240.0000 0.4921 -0.4359 0.2076 -0.0956
0. -50.00 255.0000 0.4589 -0.3914 0.2130 -0.1098
0. -50.00 270.0000 0.41U2 -0.3335 0.2221 -0.108
0. -50.00 285.0000 0.3654 -0.2698 0.2321 -0.0827
O. -50.00 300.0000 0.3266 -0.2294 0.2305 -0.0308
0. -50.00 315.0000 0.3089 -0.2247 0.2111 0.0190
0. -50.00 330.0000 0.3121 -0.2437 0.1888 0.0490
0. -50.00 345.0000 0.3146 -0.2608 0.1632 0.0659
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H THETA PHI B Bz By
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

0. -40.00 0. 0.2994 -0.2607 0.1283 0.0725
0. -40.00 15.0000 0.3246 -0.2918 0.1282 0.0616
0. -40.00 30.0000 0.3352 -0.3000 0.1361 0.0623
0. -40.00 45.0000 0.3640 -0.3291 0.1364 0.0747
0. -40.00 60.0000 0.4066 -0.3694 0.1444 0.0895
0. -40.00 75.0000 0.4723 -0.4368 0.1480 0.1017
0. -40.00 90.0000 0.5342 -0.5047 0.1498 0.0909
0. -40.00 105.0000 0.5825 -0.5567 0.1598 0.0619
0. -40.00 120.0000 0.6152 -0.5894 0.1746 0.0240
0. -40.00 135.0000 0.6277 -0.5969 0.1939 -0.0112
0. -140.00 150.0000 0.6066 -0.5711 0.1990 -0.0%71
0. -40.OC 165.0000 0.5928 -0.5510 0.2098 -0.0616
0. -40.00 180.0000 0.5646 -0.5107 0.2254 -0.0850
0. -40.00 195.0000 0.5196 -0.4534 0.2375 -0.0893
0. -40.00 210.0000 0.4955 -0.4293 0.2337 -0.0813
0. -40.00 225.0000 0.4710 -0.3979 0.2371 -0.0857
0. -40.00 240.0000 0.4431 -0.3607 0.2422 -0.0871
0. -140.00 255.0000 0.4103 -0.3180 0.2420 -0.0933
0. -40.00 270.0000 0.3633 -0.2590 0.2379 -0.0913
0. -40.00 285.0000 0.3105 -0.1978 0.2295 -0.0679
0. -40.00 300.0000 0.2708 -0.1578 0.2194 -0.0162
0. -40.00 315.0000 0.2633 -0.1624 0.2045 0.0335
0. -40.00 330.0000 0.2690 -0.1898 0.1785 0.0668
0. -40.00 345.0000 0.2836 -0.2302 0.1464 0.0775

0. -30.00 0. 0,3021 -0.2654 0.1258 0.0709
0. -30.00 15.0000 0.3055 -0.2732 0.1291 0.0453
0. -30.00 30.0000 0.3218 -0.2867 0.1343 0.0574
0. -30.00 45.0000 0.3551 -0.3172 0.1513 0.0508
0. -30.00 60.0000 0.3865 -0.3400 0.1695 0.0714
0. -30.00 75.0000 0.4444 -0.3941 0.1880 0.0827
0. -30.00 90.0000 0.5034 -0.4558 0.2021 0.0693
0. -30.00 105.0000 0.5502 -0.5018 0.2212 0.0447
0. -30.00 120.0000 0.5767 -0.5189 0.2516 0.0005
0. -30.00 135.0000 0.5713 -0.5015 0.2729 -0.0215
0. -30.00 150.0000 0.5651 -0.4887 0.2802 -0.0443
0. -30.00 165.0000 0.5419 -0.4537 0.2891 -0.0650
0. -30.00 180.0000 0.5078 -0.4104 0.2893 -0.0756
0. -30.00 195.0000 0.4711 -0.3740 0.2760 -0.0765
0. -30.00 210.0000 0.4485 -0.3386 0.2833 -0.0769
0. -30.00 225.0000 0.4162 -0.2990 0.2797 -0.0748
0. -30.00 240.0000 0.3874 -0.2686 0.2694 -0.073t
0. -30.00 255.0000 0.3600 -0.2357 0.2608 -0.0776
0. -30.00 270.0000 0.3230 -0.1850 0.2539 -0.0751
0. -30.00 285.0000 0.2831 -0.1342 0.21#140 -0.0512
0. -30.00 300.0000 0.2509 -0.1054 0.2277 -0.0014
0. -30.00 315.0000 0.2407 -0.1205 0.2029 0.0477
0. -30.00 330.0000 0.2521 -0.1612 0.1749 0.0834
0. -30.00 345.0000 0.2817 -0.2223 0.1484 0.0889
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H THETA I B BZ By Bx
(feeat) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

0. -20.00 0. 0.3207 -0.2633 0.1673 0.0747
0. -20.00 15.0000 0.3252 -0.2808 0.1591 0.0399
0. -20.00 30.0000 0.3343 -0.2835 0.1731 0.0374
0. -20.00 45.0000 0.3535 -0.2911 0.1975 0.0347
0. -20.00 60.0000 0.3802 -0." 094 0.2153 0.0500
0. -20.00 75.0000 0.4181 -0.3374 0.2391 0.0616
0. -20.00 90.0000 0.4727 -0.3909 0.2611 0.0497
0. -20.00 105.0000 0.5082 -0.4135 0.2950 0.0177
0. -20.00 120.0000 0.5137 -0.4031 0.3182 -0.0121
0. -20.00 135.0000 0.5046 -0.3639 0.3240 -0.0272
0. -20.00 150.0000 0.4922 -0.3650 0.3273 -0.0443
0. -20.00 165.0000 0.4655 -0.3305 0.3227 -0.0576
0. -20.00 180.0000 0.4389 -0.2923 0.3199 -0.0697
0. -20.00 195.0000 0.4217 -0.2607 0.32%4 -0.0680
0. -20.00 210.0000 0.3902 -0.2231 0.3133 -0.0657
0. -20.00 225.0000 0.3660 -0.1954 0.3027 -0.064
O. -20.00 240.0000 0.3484 -0.1729 0.2964 -0.0605
0. -20.00 255.0000 0.3272 -0.1438 0.2865 -0.C657
0. -20.00 270.0000 0.2994 -0.1041 0.2741 -0.0605
O. -20.00 285.0000 0.2732 -0.0630 0.2631 -0.0383
0. -20.00 300.0000 0.2508 -0.0475 0.2%60 0.0125
0. -20.00 315.0000 0.2465 -0.0705 0.2279 0.0621
0. -20.00 330.0000 0.2595 -0.1255 0.2075 0.0925
0. -20.00 345.0000 0.2878 -0.1988 0.1820 0.1011

0. -10.00 0. 0.3202 -0.2130 0.2285 0.0702
0. -10.00 15.0000 0.3391 -0.2432 0.2331 0.0391
0. -10.00 30.0000 0.3433 -0.2416 0.2429 0.0216
0. -0.00 4S.0000 0.3499 -0.2294 0.2636 0.017k
0. -10.00 60.0000 0.3724 -0.2377 0.28W&4 0.0358
0. -10.00 75.0000 0.4010 -0.2602 0.3019 0.0441
0. -10.00 90.0000 0.4403 -0.2974 0.3231 0.0319
0. -10.00 105.0000 0.450O -0.2958 0.3396 -0.0024
0. -10.00 120.0000 0.4478 -0.2660 0.3595 -0.0227
0. -10.00 135.0000 0.4412 -0.2426 0.3676 -0.0261
0. -10.00 150.0000 0.4287 -0.2258 0.3623 -0.0384
0. -10.00 165.0000 O.ki30 -0.1990 0.3578 -0.0540
0. -10.00 180.0000 0.3926 -0.1620 0.3521 -0.0623
0. -10.00 195.0000 0.3648 -0.1301 0.3358 -0.0588
0. -10.00 210.0000 0.3471 -0.1052 0.3259 -0.0566
0. -10.00 225.0000 0.3323 -0.0869 0.3162 -0.0536
0. -10.00 240.0000 0.3184 -0.0685 0.30" -0.0530
0. -10.00 255.0000 0.3115 -0.0480 0.30a- -0.0565
0. -10.00 270.0000 0.3037 -0.0115 0.2187 -0.0535
0. -10.00 285.0000 0.2916 0.0254 0.2892 -0.0280
0. -10.00 300.0000 0.2803 0.0375 0.2767 0.0250
0. -30.00 315.0000 0.2656 -0.0004 0.2556 0.0720
0. -10.00 330.0000 0.2637 -0.0651 0.23%. 0.1024
0. -10.00 345.0000 0.2923 -0.1518 0.2260 0.1064
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H THETA PHI B Dz B
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

0. 0.00 0. G.3138 -0.1313 0.2782 0.0623
0. 0.00 15.0000 0.3325 -0.1441 0.2982 0.0302
0. 0.00 30.000 0.3418 -0.1411 0-3111 0.0110
0. 0.00 45.0000 0.3457 -0.1215 0.3236 0.0064
0. 0.00 60.0000 0.3627 -0.1172 0.3426 0.0215
0. 0.00 75.0000 0.3843 -0.1351 0.3584 0.0315
0. 0.00 90.0000 0.41Gi -0.1612 0.3765 0.0196
0. 0.00 105.0000 0.4200 -0.1514 0.3916 -0.0109
0. 0.00 120.0000 0.4043 -0.1175 O.3R61 -0.0239
0. 0.00 135.0000 0.3863 -0.0956 0.3736 -0.0217
0. 0.00 150M0000 0.3732 -0.0827 0.3621 -0.030?
0. 0.00 165.0000 0.3574 -0.0597 0.3488 -0.0502
0. 0.00 180.0000 0.3440 -0.0250 0.3389 -0.0533
0. 0.00 195.0000 0.3423 0.0014 0.3382 -0.0528
0. 0.00 210.0000 0.3326 0.0157 0.3285 -0.0494
0. 0.00 225.0000 0.3258 0.0272 0.3214 -0.0462
0. 0.00 240.0000 0.3284 0.0387 0.3220 -0.0512
0. 0.00 255.0000 0.3298 0.0627 0.3195 -0.0527
0. 0.00 270.0000 0.3323 0.0987 0.3134 -0.0495
0. 0.00 285.0000 0.3360 0.1372 0.3062 -0.0186
0. 0.00 300.0000 0.3213 0.1387 0.2878 0.0345
0. 0.00 315.0000 0.3048 0.0937 0.2785 0.0811
0. 0.00 330.0000 0.2944 0.0169 0.2724 0.1103
0. 0.00 345.0000 0.2945 -0.0738 0.2658 0.1030

0. 10.00 0. 0.3228 -0.0107 0.3190 0.0480
0. 10.00 15.0000 0.3347 -0.0119 0.3338 0.0212
0. 10.00 30.0000 0.3469 0.0012 0.3469 0.0034
0. 10.00 45.0000 0.3547 0.0169 0.3543 -0.0005
0. 10.00 60.0000 0.3691 0.0295 0.3678 0.0084
0. 10.00 75.0000 0.3884 0.0183 0.3875 0.0199
0. 10.00 90.0000 0.4050 0.0048 0.4048 0.0116
0. 10.00 105.0000 0.3997 0.0124 0.3994 -0.0099
0. 10.00 120.0000 0.3908 0.0321 0.3893 -0.0139
0. 10.00 135.0000 0.3749 0.0423 0.3723 -0.0121
0. 10.00 150.0000 0.3533 0.0466 0.3496 -0.0208
0. 10.00 165.0000 0.3438 0.0645 0.3352 -0.0416
0. 10.00 180.0000 0.3348 0.0893 0.3193 -0.0467
0. 10.00 195.0000 0.3301 0.1120 0.3064 -0.0502
0. 10.00 210.0000 0.3381 0.128C- 0.3091 -0.0483
0. 10.00 225.0000 0.3486 0. 1405 0.3151 -0.0496
0. 10.00 240.0000 0.3595 0.1611 0.3172 -0.0515
0. 10.00 255.0000 0.3722 0.1862 0.3180 -0.0523
0. 10.00 270.0000 0.3884 0.2224 0.3151 -0.0460
0. 10.00 285.0000 0.3963 0.2582 0.3006 -0.0075
0. 10.00 300.0000 0.3802 0.2472 0.2855 0.0440
0. 10.00 315.0000 0.3537 0.2016 0.2782 0.0842
0. 10.00 330.0000 0.3267 0.1228 0.2810 0.1129
0. 10.00 345.0000 0.3141 0.0259 0.2975 0.0974
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H THETA PHII B B By Bx

(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

0. 20.00 0. 0.3529 0.1259 0.3273 0.0392

0. 20.00 15.0000 0.3598 0.1302 0.3350 0.0180

0. 20.00 30.0000 0.3T31 0.1472 0.3428 -0.0051

0. 20.00 45.0000 0.3890 0.1641 0.3526 -0.0088

0. 20.00 60.0000 0.4091 0.1826 0.3661 -0.0011

0. 20.00 75.0000 0.4271 0.1856 u.3846 0.0060

0. 20.00 90.0000 0.4369 0.1825 0.3968 0.0069

0. 20.00 105.0000 0.4345 0.1769 0,3968 -0.0025

0. 20,00 120.0000 0.4230 0.1876 0.3791 -0.0007

0. 20.00 135.0000 0.3924 0.1750 0.3512 0.0053

0. 20.00 150.0000 0.3645 0.1573 0.3287 -0.0061

0. 20.00 165.0000 0.3426 0.1605 0.3012 -0.0296

0. 20.00 180.0000 0.3432 0.1820 0.2880 -M0411

0. 20.00 195.0000 0.3559 0.2053 0.2861 -C.0516

0. 20.00 210.0000 0.3674 0.2249 0.2854 -0.0545

0. 20.00 225.0000 0.3899 J.2507 0.2934 -0.0558

0. 20.00 240.0000 0.162 0.2789 0.3034 -0.0578

0. 20.00 255.0000 0.4388 0.3101 0.3056 -0.0551

0. 20.00 270.0000 0.4584 0.3501 0.2934 -0.0375

0. 20.00 285.0000 0.4605 0.3712 0.2724 0.0059

0. 20.00 300.0000 0.4369 0.5477 0.2594 0.0524

0. 20.00 315.0000 0.3999 0.2925 0.2585 0.0866

0. 20.00u 330.0000 0.3691 0.2234 0.2735 0.1071

0. 20.00 345.0000 0.3514 0.1529 0.3061 0.0803

0. 30.00 0. 0.3986 0.2633 0.2977 0.0302

0. 30.00 15.0006 0.4041 0.2622 0.3070 0.0161

0. 30.00 30.0000 0.4175 0.2796 0.3098 -0.0099

0. 30.00 45.0000 0.4381 0.3016 0.3173 -0.0174

0. 30,00 60.G00 0.4616 0.3260 0.3265 -0.0119

0. 30.00 75.0000 0.4746 0.3351 0.3361 -0.0040

0. 30.00 90.0000 0.4856 0.3372 0.3494 0.0012

0. 30.00 105.0000 0.4866 0.3357 0.3523 0.0027

0. 30.00 120.0000 0.716 0.3270 0.3395 0.0147

0. 30.00 135.0000 0.4455 0.3002 0.3284 0.0215

0. 30.00 150.0000 0.4087 0.2693 0.3073 0.0111

0. 30.00 165.0000 0.3821 0.2507 0.2881 -0.0129

0. 30.00 180.0000 0.3717 0.2571 0.2658 -0.0378

0. 30.00 195.0000 0.3868 0.2830 0.2580 -0.0542

0. 30.00 210.0000 0.4099 0.3114 0.2592 -0.0617

0. 30.00 225.0000 0.4424 0.3493 0.2627 -0.0688

0. 30.00 240.0000 0.4746 0.3693 0.2637 -0.0644

0. 30.00 255.0000 0,5072 0.4309 0.2618 -0.0550

0. 30.00 270.0000 0.5228 0.4589 0.2490 -0.0263

0. 30.00 285.0000 0.5189 0.4637 0.2322 0.0175

0. 30.00 300.0000 0.4933 044344 0.2256 0.0610

0. 30.00 315.0000 0.4552 0.3820 0.2315 0.0876

0. 30.00 330.0000 0.4106 0.3117 0.2511 0.0914

0. 30.00 345.0000 0.4015 0.2762 0.2832 0.0690
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H THETA PHI B Bz h" Ba

(feet) (degrees) (degrebs) (oersteds) (oerateds) (omasteds) (oersteds)

0. 40.00 0. 0.4335 0.3575 0.2436 0.0279
0. 40.00 15.0000 0.4387 0.3605 0.2498 0.0092

0. 40.00 3C.0000 0.457! 0.3793 0.2555 -0.0108
0. 40.00 45.0000 0.4750 0.4001 0.2547 -0.0247

0. 40.00 60.0000 0.5023 0.4283 0.2615 -0.0233

0. 40.00 75.0000 0.5246 0.4463 0.2754 -0.0147
0. 40.00 90.0000 C.5436 0.4624 0.2856 -0.0108

0. 40.00 105.0000 0.5546 0.4691 0.2957 0.0068

0. 40.00 120.0000 0.5374 0.4498 0.2930 0.0250

0. 40.00 135.0000 0.4997 0.4119 0.2804 0.0377
0. 40.00 150.0000 0.4524 0.3624 0.2695 0.0211
0. 40.00 165.0000 0.4256 0.3381 0.2586 -0.0006

0. 40.00 180.0000 0.4169 0.3327 0.2491 -0.0335

0. 40.00 195.0000 0.4367 0.3613 0.2393 -0.0544

0. 40.00 210.0000 0.4624 0.3931 0.2332 -0.0705

0. 40.00 225.0000 0.4973 0.4356 0.227? -0.0755
0. 40.00 240.0000 0.5329 0.4806 0.2195 -0.0698

0. 40.00 255.0000 0.5661 0.5248 0.2058 -0.0520

0. 40.00 27C.0000 0.5?90 0.5477 0.1871 -0.0141
0. 40.00 285.0000 0.5659 0.5372 0.1759 0.0273

0. 40.00 300.0001 0.5324 0.4985 0.1736 0.0692
0. 40.00 315.0000 0.4976 0.4522 0.1907 0.0821

0. 40.00 330.0000 0.4646 0.A028 0.2192 0.074k

0. 40-00 345.0000 0.4541 0.3826 0.2350 0.0678

0. 50.00 0. 0.4689 0,4257 0.1947 0.0276

0. 50.00 15.0000 0.4758 0.4306 0.2024 0.0051
0. 50.00 30.0000 0.4850 0.4421 0.1990 -0.0132
0. 50.00 45.0000 0.5076 0.4653 0.2008 -0.0294

0. 50.00 60.0000 0.5373 0.4982 0.1982 -0.0359

O. 50.UO 75.0000 0.5624 0.5242 0.2022 -0.0258
0. 50.00 90.0000 0.5829 0.5431 0.2105 -0.0"03

0. 50.00 105.0000 0.5916 0.55%1 0.2071 0.0059
0. 50.00 120.0000 0.5800 0.5383 0..143 0.0261
0. 50.00 135.0000 0.5569 0.5045 0.2318 0.0435

0. 50.00 150.0000 0.5188 0.4574 0.2426 0.0336

0. 50.00 165.0000 0.4971 0.4334 0.2431 0.0090

0. 50.00 180.0000 0.4761 0.4183 0.2263 -0.0227
0. 50.00 195.0000 0.4839 0.4347 0.2061 -0.0515

0. 50.00 210.0000 0.5066 0.4641 0.1892 -0.0743
0. 50.00 225.0000 0.5457 0.5109 0.1754 -0.0173

0. 50.00 240.0000 0.5771 0.5514 0.1579 -0.0686

0. 50.00 255.0000 0.5994 0.5831 0.1341 -0.0371

0. 50.00 270.0000 0.5946 0.5839 0.1124 -0.0018

0. 50.00 285.0000 0.5861 0.5752 O.1OT6 0.0326
0. 50.00 300.0000 0.5601 0.5415 0.1261 0.0673
0. 50.00 315.0000 0.5263 0.5012 0.1408 0.0771

0. 50.00 330.0000 0.4943 0.4633 0.1557 0.0739

0. 50.00 345.00GO 0.4724 0.4355 0.1742 0.0562
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H THETA IH" B B By Bx
(feet) (degrees) (def (oecsteds) (oersteds) (oersteds) (oersteds)

0. 60.00 0. 0.4933 0.4707 0.1459 0.0237
0. 60.00 15.0000 0.4997 0.4770 0.1487 0.0043
0. 60.00 30.0000 0.5083 0.4860 0.1485 -0.0142
0. 60.00 45.0000 0.5236 0.S043 0.1380 -0.0280
0. 60.0C 60.0000 0.5378 0.5205 0.1297 -0.0391
0. 60.00 75.0000 0.5744 0.5573 0.1305 -0.0485
0. 60.00 90.0000 0.6127 0.5970 0.1346 -0.0290
0. 60.00 105.0000 0.6164 0.5988 0.1461 -0.0002
0. 60.00 120.0000 0.6182 0.5970 0.1598 0.0146
0. 60.00 135.0000 0.6027 0.5780 0.1658 0.0411
0. 60.00 150.0000 0.5639 0.5360 0.1717 0.0341
0. 60.00 165.0000 0.5451 0.5158 0.1757 0.O0re
0. 60.00 180.0000 0.5261 0.4943 0.1798 -0.0121
0. 60.00 195.0000 0.5320 0.5020 0.1702 -0.0458
0. 60.00 210.0000 0.5497 0.5246 0.1502 -0.0660
0. 60.00 225.0000 0.5772 0.5601 0.1201 -0.0707
0. 60.09 240.0000 0.5967 0.5870 0.0926 -0.0543
0. 60.00 255.0000 0.6071 0.6021 0.0744 -0.0234
0. 60.00 270.0000 0.5924 0.5884 0.0669 0.0164
0. 60.00 285.0000 0.5694 0.5648 0.0632 0.0344
0. 60.00 300.0000 0.5660 0.5587 0.0710 C.0562
0. 60.00 315.0000 0.5392 0.5254 0.0923 0.0783
0. 60.00 330.0000 0.5076 0.4894 0.1168 0.0667
0. 60.00 345.0030 0.4970 0.4755 0.1367 0.0468

0. 70.00 0. 0.5160 0.504k 0.1065 0.0219
0. 70.00 15.0000 0.5201 0.5083 0.1104 0.0052
0. 70.00 30.0000 0.5227 0.5114 0.1080 -0.0079
0. 70.00 45.0000 0.5246 0.5139 0.1028 -0.0236
0. 70.00 60.0000 0.5384 0.5282 0.0945 -0.0444
0. 70.00 75.0000 0.5689 0.5605 0.0799 -0.0557
0. 70.00 90.0000 0.6006 0.5949 0.060 -0.04590. 70.00 105.0000 0.6249 0.6207 0.0671 -0.0255
0. 70.00 120.0000 0.6376 0.6332 0.0745 0.0037

0. 70.00 135.0000 0.6233 0.6156 0.0923 0.0320
0. 70.00 150.0000 0.5951 0.5833 0.1137 0.0304
0. 70.00 165.0000 0.5792 0.5659 0.1229 0.9106
0. 70.00 180.0000 0.5720 0.5590 0.1207 -0.0103
0. 70.00 195.0000 0.5695 0.5585 0.1068 -0.0307
0. 70.00 210.0000 0.5727 0.5645 0.0853 -0.0449
0. 70.00 225.0000 0.5815 0.5761 0.0618 -0.0488
0. 70.00 240.0000 0.5936 0.5909 0.0407 -0.0399
0. 70.00 255.0000 0.6047 0.6040 0.0250 -0.0155
0. 70.00 270.0000 0.6011 0.6003 0.0223 0.0199
0. 70.00 285.0000 0.5822 0.5797 0.0305 0.0446
0. 70.00 300.0000 0.5629 0.5583 0.0411 0.0596
0. 70.00 315.0000 0.5413 0.5338 0.0593 0.0675
0. 70.00 330.0000 0.5227 0.513k 0.0799 0.0576
0. 70.00 345.0000 0.5158 0.5053 0.0954 0.0402
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H THETA PI£ B Ibc
(feet) (degre) (degrees) (oerstds) (oersteds) (oersteds) (oersteds)

0. 80.00 C. 0.5372 0.5319 0.0728 0.0190
0. 80.00 15.0000 0.5398 0.5343 0.0764 0.0048
0. 80.00 30.0000 0MS432 0.5376 0.0768 -0.0092
0. 30.00 45.0000 0.5481 0.5427 0.0730 -0.0240
O. 80.00 60.0000 0.5564. 0.5514 0.0636 -0.0376
0. 80.00 75.0000 0.5683 0.5643 0.0492 -0.04S4
0. 00.00 90.0000 0.5820 0.5793 0.0336 -0.0443
0. 80.00 105.OOGO 0.5943 0.5929 3.0215 -0.0341
0. 80.00 120.0000 0.6022 0.6016 0.0170 -0.0182
0. 80.00 135.0000 0.6036 0.6032 0.0211 -0.0033
0. 80.00 150.0000 0.5995 0.5987 0.0300 0, 004
0. 80.00 165.0000 0.5924 0.5912 0.0379 0.0036
0. 80.00 180.0000 0.5851 0.5836 0.0409 -0.0033
0. 80.00 195.0000 0.5796 0.5762 0.0376 -0.0125
0. 80.00 210.0000 0.5774 0.5764 0.0279 -0.097
0. 80.00 225.0000 0.5780 0.5774 0.0)39 -0.0202
0. 80.0C 240.0000 0.5788 0.5787 -0.0001 -0.0116
0. 80.00 255.0000 0.5713 0.5172 -0.0090 0.0047
0. 80.00 270.0000 0.5723 0.5717 -0.0092 0.0238
0. 80.00 285.0000 0.564k 0.5629 -0.0005 0.0404
0. 80.00 300.0000 0.5552 0.5527 0.0148 0.0506
0. 80.00 315.0000 0.5463 0.5427 0.0334 0.0526
0. 80.00 330.0000 0.5396 0.5351 0.0512 0.0461
0. 80.00 345.0000 0.5365 0.5316 0.0647 0.0335

0. 90.00 0. 0.5u83 0.5673 0 0
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H THETA I B Bz By EX
(feet) (degrees) (degre6s) (oersteds) (oerateds) (oersteds) (oersteds)

50000. -90.00 0. 0.5594 -0.5396 0 0

50000. -80.00 0. 0.5212 -0.4951 0.1428 0.0786
50000. -80.00 15.0000 0.5281 -0.5048 O.1139, 0.0991
53000. -80.00 30.0000 0.5344 -0.5144 0.0920 0.1115
50000. -80.00 45.0000 0.5391 -0.5222 0.0643 0.1177
50000. -80.00 60.0000 0.5441 -0.5291 0.0368 0.1216
50000. -80.00 75.0000 0.5518 -0.5379 0.0071 0.1228
50000. -00.00 90.0000 0.5626 -0.5497 -0.0239 0.1173
50000. -80.00 105.0000 0.5758 -0.5640 -0.0510 0.1043
50000. -80.00 120.0000 0.5933 -0.5825 -0.0721 0.0868
50000. -80.00 135.0000 0.6174 -0.6075 -0.0901 0.0636
50000. -80.00 1%0.0000 0.6442 -0.6348 -0.1063 0.0270
50000. -80.00 165.0000 0.6622 -0.6517 -0.1144 -0.0273
50000. -80.00 180.0000 0.6606 -0.6459 -0.1049 -0.0901
50000. -80.00 195.0000 0.6371 -0.6164 -0.0751 -0.11426
bOO00. -80.00 210.0000 0.6002 -0.5745 -0.0320 -0.1709
50000. -80.00 225.0000 0.5625 -0.5347 0.0146 -0.1737
50000. -80.00 240.0000 0.5335 -0.5060 0.0576 -0.1588
50000. -80.00 255.0000 0.5159 -0.4889 0.0946 -0.1349
50000. -80.00 270.0000 0.5068 -0.4794 0.1213 -0.1064
50000. -80.00 285.0000 0.5028 -0.47k7 0.1483 -0.0739

50000. -80.00 300.0000 0.5026 -0.4741 0.1619 -0.0398
50000. -80.00 315.0000 0.5053 -04768 0.1671 -0.0072
50000. -80.00 330.0000 0.5096 -0.4813 0.3d60 0.0232
50000. -80.0O 345.0000 0.5149 -0.4871 0.1584 0.0522

50000. -70.00 0. 0.4487 -0.4056 0.1767 0.07k7
50000. -70.00 15.0000 0.4685 -0.4286 0.1604 0.1007
50000. -70.00 30.0000 0.4976 -0.4645 0.1.567 0.11146
50000. -70.00 45.0000 0.5140 -0.%802 0.1-089 0.1098
SC.0C. --70.00 60.0000 0.5;67 -0.4973 0.0852 0.1113
50000. -70.00 75.0000 0.5397 -0.520? 0.0583 0.1296
50000. -70.00 90.0000 0.5874 -0.5720 0.0227 0.1316
50000. -70.00 105.0000 0.6259 -0.174 -0.0112 0.1022
50000. -70.00 120.0000 0.6388 -0.6351 -).0304 0.0616
50000. -70.00 135.0000 0.6398 -0.6382 -0.0293 0.0337
50000. -70.00 150.0000 0.6566 -0.6561 -0.0189 0.018?
SO000. -70.00 165.0000 0.6924 -0.6921 -0.0119 -0.0152
50000. -70.00 180.COG3 0.7087 -0.7046 0.0031 -0.0760
50000. -70.00 195.0000 0.6899 -0.6784 0.0264 -0.1226
50000. -70.00 210.0000 0.6540 -0.6360 0.0439 -0.1*59
50000. -70.00 225.0000 0.6068 -0.5832 0.0606 -0.1562
50000. -70.00 240.0000 0.5560 -0.5281 0.0840 *0.1524
50000. -70.00 255.0000 0.5148 -0.4821s 0.1144 --0.1385
50000. -70.00 270.0000 0.14822 -0.4438 0.118% -0.1163
50000. -70.00 285.0000 0.4600 -0.4168 0.17r83 -0.0782
50000. -70.00 300.0000 0.4578 -0.129 0.9;10 -0.0363
50000. -70.00 315.0000 0.4609 -0.4152 0.1998 -0.0091
50000. -70.00 330.0000 0.4527 -0.4062 A,.1992 0.0139
50000. -70.00 345.0000 O.k1 4i -0.3985 0. 1909 0.01143
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H THETA PHI D Bz BY Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oertedti, koersteds)

50000. -60.CO 0. C.3VC; -0.3364 0.1611 G. 0718
50000. -60.00 15.0000 0.3883 -0.:494 0.1488 0.0810
50000. -60.00 30.0000 0.4125 -0.3736 0.1442 0.049650000. -60.00 45.0000 0.4508 -0.L159 0.1355 0.1W>'
50000. -60.00 60.0000 0.4805 -0.4539 0.112> 0.1106
50000. -60.00 75.0000 0.5134 -0.4913 0.091' 0.1180
5C000o. -60.00 90.0000 O.S583 -0.5400 0.0813 0.1157
50000. -60.00 105.0000 0.6063 -0.5939 0.069w 0.100150000. -60.00 120.0000 0.6441 -0.6388 0.0!58 0.0608
50000. -60.00 135.0000 0.6638 -0.6617 0.0480 0.0233
50000. -60.00 150.0000 0.6791 -0.6766 C.0587 -0.0037
50000. -60.00 165.0000 0.7122 -0.7063 0.0839 -0.0351
50000. -60..00 180.0000 0.7010 -0.6842 0.1151 -0.0999
50000. -60.C0 195.0000 0.6413 -0.6131 0.1428 -0.1223
5000. -60.00 1lO.3000 0.5977 -0.5625 0.1637 -0.1187
50000. -60.00 225.0000 0.5699 --0.5330 0.1693 -0.10910
50000. -60.00 240.0000 0.5486 -0.5109 0.162r -0.1159
50000. -60.00 255.0000 0.5107 -0.4646 0.1710 -0.1251
50000. -60.00 270.0000 0.4651 -0.4093 0.1880 -0.1159
50000. -60.00 285.0000 0.4207 -0.3549 0.2085 -0.0870
50000. -60.00 300.0000 0.3956 -0.3220 0.225V -0.0426
50000. -60.00 315.0000 0.3810 -0.3068 0.2259 -0.0011
50000. -60.00 330.0000 0.3705 -0.3072 0.2047 0.0313
50000. -60.00 345.0000 0.3690 -0.3161 0.18!8 0.0566

50000. -50.00 0. 0.3268 -0.2838 0.150 0.0722
50000. -50.00 15.0000 0.3467 -0.3110 0.1331 0.0759
50000. -50.00 30.0000 0.3712 -0.3389 0.1305 0.0769
5COO. -50.00 45.0000 0.396e -0.3632 0.1326 0.0895
50000. -50.00 60.0000 0.4359 -0.4034 0.1299 0.1020
50000. -50.00 75.0000 0.1832 -0.564 0.1141 0.1102
50000. -50.00 90.0000 0.5291 -0.5100 0.0980 0.1010
50000. -50.00 105.0000 0.5860 -0.5718 0.0935 0.087950000. -50.00 120.0000 0.6295 -0.6197 0.102 0.02
50000. -50.00 135.0000 0.6520 -0.61.09 0.1198 0.0066
50000. -50.00 150.0000 0.6409 -0.6217 0.1502 -0.013
50000. -50.00 165.0000 0.6306 -0.6025 0.1779 -0.0545
50000. -50.00 180.0000 0.6098 -0.5730 0.1894 -0.0876
50000. -50.00 195.0000 0.5772 -0.5366 0.1880 -0.997
50000. -50.U0 210.0000 0.5321 -0.4875 0.1863 -0.1036
50000. -50.00 225.0000 0.4982 -0.4503 0.1926 -0.0913
50000. -50.00 240.0000 0.1885 -0.4326 0.2060 -0.0950
50000. -50.00 255.0000 0.4556 -0.3886 0.2115 -0.1088
50000. -50.00 270.0000 0.13 -0.3313 0.2205 -0.1038
50000. -50.00 285.0000 0.3630 -0.2684 0.2303 -0.0816
50000. -50.00 300.0000 0.3247 -0.2285 0.2281 -0.0304
50000. -50.00 315.0000 0.3073 -0.2238 0.2098 0.088
50000. -50.OC 33040000 0.3103 -0.2k24 C-1876 0.0.67
50000. -50.00 345.0000 0.3130 -0.2596 0.1623 0.065k
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H TI TA PHI B Bz By
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oerstedb)

r0000. -40.00 G. 0.2979 -0.2593 0.1278 0.079

50000. -40.00 15.0000 0.3226 -0.2899 0.1276 0.0612

50000. -40.00 30.0000 0.3336 -0.2985 0.1353 0.0619

50000. -40.00 45.0000 0.3621 -0.327h 0.1358 0.0741

50000. -40.00 60.0000 0.4042 -0.3673 0.1436 0.0887

50000. -40.00 75.0000 0.4690 -0.43i8 0.11471 0.1006

50000. -4C.00 90.0000 0.5302 -0.5009 0.1489 0.0899

50000. -40.00 105.0000 0.i780 -0.5524 0.1588 0.0613

500(0. -40.00 120.0000 0.-104 -0.5847 0.1735 0.0237

50000. -40.00 135.0000 0.6227 -0.5921 0.1925 -0.0111

50000. -40.00 150.0000 0.6022 -0.5669 0.1979 -0.0466

50000. -40.00 165.0000 0.5882 -0.5466 0.2087 -0.0612

50000. -40.00 180.0000 0.5603 -0.5067 0.2239 -0.0842

50000. -40.00 195.0000 0.5160 -0.4505 0.2357 -0.0885

50000. -40.00 210.0000 0.4919 -0.4261 0.2321 -0.0809

50000. -40.00 225.0000 0.4674 -0.3947 0.2351 -0.0850

50000. -40.00 240.0000 e 4397 -0.3579 0.2404 -0.0864

50000. -40.00 255.0000 0.4072 -0.3155 0.2402 -0.092k

50000. -40.00 270.0000 0.3608 -0.2572 0.2363 -0.090

50000. -40.00 2;5.0000 0.30fl6 -0.1967 0.2282 -0.0671

50000. -40.00 300.0000 0.2695 -0.1574 0.2182 -0.0160

50000. -40.00 315.0000 0.2619 -0.1618 0.2033 0.0333

50000. -40.00 330.0000 0.2676 -0.1890 0.1775 0.0662

50000. -40.00 345.0000 0.2821 -0.2289 0.1458 0.0768

50000. -30.00 0. 0.3002 -0.2634 0.1257 0.0704

50000 -30.00 15.0000 0.3039 -0.2716 0.1287 0.0453

50000. -30.00 30.0000 0.3201 -0.2851 0.1340 0.0568

50000. -30.00 45.0000 0.3529 -0.3151 0.1507 0.0506

50000. -30.00 60.00tJO 0.3842 -0.3379 0.1687 0.007

50000. -30.00 75.0000 0.4414 -0.3914 r 1870 0.0618

50000. -30.00 90,,0000 0.4997 -0.4524 0.2009 0.0686

50000. -3u.uri 105.0000 0.5460 -0.4978 0.2199 0.041

50000. --30.00 120.0000 0.5720 -0.5146 0.2497 0.0007

50000. -30.00 135.0000 0.5669 -0.4977 0.270S -0.0213

50000. -30.00 150.0000 0.5605 -0.4848 0.2780 -0.0439

50000. -30.00 165.0000 0.S3?6 -0.4502 0.2866 -0.0644

50000. -30.0C 180.0000 0.5039 -0.3.074 0.2869 -0.0750

50000, -30.00 195.0000 0.4677 -0.3712 0.27142 -0.0?59

50000. -30.00 210.0000 0.4446 -0.3360 0.2811 -0.0163

50000. -30.00 225.0000 0.4132 -0.2969 0.2776 -0.0742

50000. -30.00 240.0000 0.3847 -0.2666 0.2676 -0.0726

50000. -30.00 255.0n00 0.3574 -0.2338 0.2591 -0.0770

5nLO0. -30.00 270.0000 0.3208 -0.1836 0.2523 -0.0743

500J0. -3C.00 285.0000 0.2813 -0.1334 0.2424 -0.0506

50000. -30.00 300.0000 0.2495 -0.1050 0.2263 -0.0013

50000. -30.00 315.0000 0.2395 -0.1198 0.2019 0.0473
5000. -30.00 330.0000 0.2501 -0.1603 0.17143 0.0025

50000. -30.00 35.0000 0.279; -0.2206 0.1479 0.0881
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H THETA i-HI B Bz By
(feet) (degregs) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

50000. -20.O 0. 0.3181 -0.2607 0.1664 0.074150000. -20.00 1S,0000 0.3228 -0.2783 0.1587 0.0398
50000. -20.00 30.0000 0.3320 -0.2812 0.1725 0.0372
50000. -20.00 45.0000 0.3511 -0.2889 0.1965 0.0346
50000. -20.00 60.0000 0.3776 -0.3069 0.2142 0.0496
50000. -20.00 75.0000 C.4152 -0.335n 0.2376 0.0610
50000. -20.00 90.0000 0.4691 -0.3877 0.2594 0.0492
50000. -20.00 105.0000 0.5041 -0.4100 0.2926 0.0176
50000. -20.-0 120.0000 0.5097 -0.4000 0.3157 -0.0119
50000. -20.00 135.0000 0.5007 -0.3829 0.3216 -0.0269
50000. -20.00 150.0000 0.4884 -0.3622 0.3248 -0.0439
50000. -20.00 165.0000 0.4621 -u.3?81 0.3204 -0.0572
50000. -20.00 180.0000 0.4358 -0.2902 0.3176 -0.0691
50000. -20.00 195.0000 0.4184 -0.2587 0.3218 -0.0675
50000. -20.00 210.0000 0.3873 -0.2216 0.3109 -0.0653
50000. -20.00 225.0000 0.3634 -0.1940 0.3005 -0.0639
50000. -20.00 240.0000 0.3458 -0.1715 0.2942 -0.0601
50000. -20.00 255.0000 0.3248 -0.1426 0.2845 -0.0651
50000. -20.00 270.0000 0.2973 -0.1032 0.2723 -0.0600
50000. -20.00 285.0000 0.2714 -0.0625 0.2614 -0.0378
50000. -20.00 300.0000 0.2493 -0.0471 0.2445 0.0125
50000. -20.P0 315.0000 0.2449 -0.0701 0-2265 0.0615
50000. -20.00 330.0000 0.2577 -0.1244 0.2062 0.0917
50000. -20.00 345.0000 0.2857 -0.1971 0.1811 0.1001

50000. -10.00 0. 0.3176 -0.2109 0.2270 0.0697
50000. -10.00 15.0000 0.3362 -0.2406 0.2316 0.0389
50000. -10.00 30.0000 0.3405 -0.2393 0.2413 0.0216
50000. -10.00 45.0000 0.3473 -0.2274 0.!618 0.0175
50000. -10.00 60.0000 0.3695 -0.2356 0.2824 0,0355
50000. -10.00 75.0000 0.3979 -0.2580 0.2997 0.0437
50000. -10.00 90.0000 0.4367 -0.2946 0.3208 0.0316
50000. -10.00 105.0000 0.4470 -0.2933 0.3373 -0.0023
50000. -10.00 120.0000 0.4444 -0.2640 0.3567 -0.0223
50000. -10.00 135.0000 0.4378 -0.2409 0.3646 -0.0259
50000. -10.00 150.0000 0.4253 -0.2242 0.3594 -0.0381
50000. -10.00 165.0000 0.4096 -0.1976 0.3548 -0.0535
50000. -10.00 180.0000 0.3894 -0.1609 0.3492 -0.0617
500CO. -10.00 195.0000 0.3622 -0.1292 0.3333 -0.0584
10000. -10.00 210.0000 0.3446 -0.1046 0.3235 -0.0562
50000. -10.00 225.0000 0.3300 -0.0662 0.3C40 -0.053350000. -10.00 240.0000 0.3162 -0.0679 0.3043 -0.0527
50000. -10.00 255.0000 3.3093 -0.0474 0.3004 -0.0561
50000. -10.00 270.0000 0,015 -0.0111 0.2966 -0.0530
50000. -10.00 285.0000 0.2896 0.0254 0.2871 -0.027650000. -10.00 300.0000 0.2782 0.0372 0.2746 0.0247
50000. -10.00 315.0000 0.2637 -0.000-. 0.2539 0.0114
50000. -10.00 330.0000 0.2623 -0.0645 0.2328 0.1015
50000. -10.00 345.0000 0.2899 -0.1501 0.2246 0.1053
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H TFETA PHi B Bz By
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

59000. 0.00 0. 0.3113 -0.1296 0.2162 0.0618
50000. 0.00 15.0000 0.3297 -0.1425 0.2958 0.0301
50000. 0.00 30.0000 0.3389 -0.1395 0.3087 0.0111
50000. 0.00 45.0000 0.3430 -0.1204 0.3211 0.0066
50000. 0.00 60.0000 0.3598 -0.l112 0.3398 0.0213
50000. 0.00 75.0000 0.3813 -0.1339 0.3556 0.0312
50000. 0.00 90.0000 G.4C67 -0.1596 0.3736 0.0194
50000. 0.00 105.0000 0.4165 -0.1501 0.3883 -0.0106
50000. 0.00 120.0000 0.4012 -0.1168 0.3831 -0.0236
50000. 6.00 135.0000 0.3835 -0.0951 0.3709 -0.0216
50000. 0.00 150.0000 0.3705 -0.0823 0.3600 -0.0365
50000. 0.00 165.0000 0.3549 -0.0594 0.3463 -0.0497
50000. 0.00 180.0000 0.3416 -0.0251 0.3366 -0.0530
50000. 0.00 195.0000 0.3396 0.0011 0.3355 -0.0524
50000. 0.00 210.0000 0.3301 0.0155 0.3260 -0.0492
50000. 0.00 225.0000 0.3235 0.0270 0.3191 -0.0461
50000. 0.00 240.0000 0.3259 0.0387 0.3196 -0.0509
50000. 0.00 255.0000 0.3274 0.0626 0.3171 -0.0524
50000. 0.00 270.0000 0.3299 0.0983 0.3110 -0.0490
50000. 0.00 285.0000 0.3334 0.1362 0.3038 -0.0183
50000. 0.00 300.0000 0.3189 0.1376 0.2557 0.0342
50000. 0.00 315.0000 0.3026 0.0931 0.2764 0.0803
50000. 0.00 330.0000 0.2921 0.0171 0.2703 0.1093
50000. 0.00 345.0000 0.2922 -0.0727 0.2640 0.1020

50000. 10.00 0. 0.3202 -0.01C 0.3164 0.0478
50000. 10.00 15.0000 0.3319 -0.0 15 0.3311 0.0212
50000. 10.00 30.0000 0.3440 0.0013 0.3440 0.0035
50000. 10.00 45.0000 0.3519 0.0169 0.3515 -0.0003
50000. 10.00 60.0000 0.3662 0.0292 0.3649 0.0084
50000. 10.00 75.0000 0.3853 0.0182 0.3844 0.0197
50000. 10.00 90.0000 0.4017 0.0049 0.4015 0.0115
50000. 10.00 105.0000 0.3966 0.0124 0.3963 -0.0096
50000. 10.00 120.0000 0.3878 0.0318 0.3863 -0.0137
50000. 10.00 135.0000 0.3720 0,0418 0.3695 -0.0120
50000. 10.00 150.0000 0.3508 0.0461 0.3471 -0.0207
50000. 10.00 165.0000 0.3412 0.0638 0.3327 -0.0i12
50000. 10.00 180.0000 0.3324 0.0884 0.3171 -0.0464
50000. 10.00 195.0000 0.3279 0.1110 0.3045 -0.0499
50000. 10.00 210.0000 0.3357 0.1270 0.3070 -0.0481
50000. 10.00 225.0000 0.3460 0.1395 0.3128 -0.0493
50000. 10.00 240.0000 0.3569 0.1600 0.3149 -0.0512
50000. 10.00 255.0000 0.3696 0.1850 0.3157 -0.0519
50000. 10.00 270.0000 0.3855 0.2209 0.3126 -0.0455
50000. 10.00 285.0000 0.3932 0.2561 0.2982 -0.0074
50000. 10.00 300.0000 0.3772 0.2453 0.2833 0.0436
50000. 10.00 315.0000 0.3510 0.1999 0.2762 0.0835
50000. 10.00 330.0000 0.3243 0.1219 0.2789 0.1117
50000. 10.00 345.0000 0.3116 0.0264 0.2952 0.0964
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H THETA PHI B Bz Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

5000C. 20.00 ^. 0.3501 0.1254 0.32146 0.0392
50000. 20.00 15.0000 0.3570 0.1293 0.3323 0.0179
50000. 20.00 30.000C 0.3701 0.1460 0.340! -0.0048
50000. 20.00 45.000C 0.3859 0.1628 0.3498 -O.0OC8
50000. 20.00 60.0000 0.4058 0.1811 0.3631 -0.0010
50000. 20.00 75.0000 0.4235 0.1840 0.3814 0.0059
50000. 20.00 90.0000 0.4332 0.1809 0.3935 0.0068
50000. 20.00 105.0000 0.4309 0.1755 0.3935 -0.0025
00CO. 20.00 120.0000 0.4195 0.1859 0.3761 -0.0007
50000. 20.00 135.0000 0.3896 0.1736 0.3487 0.0051
50000. 20.00 150.0000 0.3620 0.1562 0.3265 -0.0062
50000. 20.00 165.0000 0.3Z05 0.1594 0.2995 -0.0293
50000. 20.00 180.0000 0.3409 0.1806 0.2062 -0.0415
50000. 20.00 195.0000 0.3533 0.2037 0.2841 -0.0512
50000. 20.00 210.0000 0.3649 0.2233 0.2835 -0o0541
50000. 20.00 225.0000 0.3872 0.2489 0.2913 -0.0555
50oOO. 20.00 240.0000 0.4130 C.2769 0.3010 -0.0573
50000. 20.00 255.0000 0.4355 0.3080 0.3030 -0.056
50000. 20.00 270.0000 0.4548 0.3475 0.2911 -0.0371
O000. 20.00 285.0000 0.4569 0.3682 0.2704 0.0059
50000. 20.00 300.0000 0.4336 0,3450 0.2576 0.0520
50000. 20.00 315.0000 0.3971 0.2905 0.2567 0.0859
50000. 20.00 330.0000 0.3663 0.2219 0.2715 0.1059
50000. 20.00 345.0000 0.3488 0.1521 0.3036 0.0797

50000. 30.00 0. 0.3955 0.2612 0.2954 0.0303
SC00. 35.G0 ;5.030 0.4009 0.2603 0.3016 0.0160
50000. 30.00 30.0000 0.4142 0.2773 0.3075 -0.0096
50000. 30.00 45.0000 0.4346 0.2991 0.3148 -0.0171
50000. 30.00 60.0000 0.4578 0.3231 0.3240 -0.0117
50000. 30.00 75.0000 0.4708 0.3322 0.3336 -0.0039
50000. 30.00 90.0000 0.4817 0.3344 0.3467 0.0012
50000. 30.00 105.0000 0.4827 0.3329 0.3496 0.0027
50000. 30.00 120.0000 0.4679 0.3243 0.3370 0.Ok5
50000. 30.00 135.0000 0.4420 0.2979 0.3258 0.0211
50000. 30.00 150.0000 0.4057 0.2673 0.3050 0.0108
50000. 30.00 165.0000 0.3795 0.2491 0.2860 -0.0129
50000. 30.00 180.0000 0.3694 0.2555 0.2642 -0.0375
50000. 30.00 195.0000 0.3843 0.2812 0.2564 -0.0538
50000. 30.00 210.0000 0.4071 0.3093 0,2575 -0.0612
50000. 30.00 225.0000 0.4392 0.3468 0,2608 -0.0681
50000. 30.00 240.0000 0.14711 0.3865 0.2618 -0.0639
50000. 30.00 255.0000 0.5032 0.4275 0.2598 -0.054
50000. 30.00 270.0000 0.5187 0.4553 0.2471 -0.0260
50000. 30.00 285.0000 0.5148 0.4600 0.2305 0.0173
50000. 30.00 300.0000 0.4895 0.4311 0.2239 0.0604
50000. 30.00 315.0000 0.4518 0.3791 0.22q9 0.0868
50000. 30.00 330.0000 0.4079 0.3099 0.?4%?4 0.0906
50000. 30.00 345.0000 0.3985 0.2742 0.2809 0.0685
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H THETA PHI B Bz BY
(feet) (degrees) (degrees) (oerstedb) (oersteds) (oersteds) (oersteds)

5000U. 40.00 0. C.4305 0.3550 0.242G 0.02H0
50000. 40.00 15.00CO 0.4357 0.3579 0.2482 0.0092
50000. 40.00 3('.OOC 0.4540 0.3763 0.2538 -0.0106
50000. 40.UO 45.0000 0.4715 0.3970 0.2531 -0.0243
50000. 40.00 60.0000 0.4984 0.4248 0.2598 -0.0230
50000. 40.00 75.0000 0.5205 0.4426 0.2?34 -0.0145
50000. 40.00 90.000 0.5391 0.4584 0.2835 -0.0106
50000. 40.00 105.0000 0.5498 0.4650 0.2933 0.0067
50000. 40.00 120.0000 0.5329 0.4460 0.2906 0.0246
50000. 40.00 135.0000 0.4959 0.4087 0.2784 0.0371
50000. 40.00 150.0000 0.4494 0.3600 0.2678 0.0266
50000. 40.00 165.0000 0,4230 0.3360 0.2570 -0.0001
50000. 40.00 180.0000 0.4144 0.3308 0.2474 -0.0332
50000. 40.00 195.0000 0.4337 0.35688 0.2376 -0.0540
50000. 40.00 210.0000 0.4592 0.3904 0.2315 -0.0698
50000. 40.00 225.0000 0,4937 0.4326 0.2260 -0.0748
,0000. 40.00 240.0000 0.5289 0.4770 0.2178 -0.0691
50000, 40.00 255.0000 0.5616 0.5206 0.2042 -0.0514
50000. 40.00 270.0000 0.5743 0.5432 0.1858 -0.0140
50000. 40.00 285.0000 0.5615 0.5330 0.1747 0.0270
50000. 40.00 300.0000 0.5284 0.4948 0.1725 0.0683
50000. 40.00 315.0000 0.4939 0.4489 0.1894 0.0814
50000. 40.00 330.0000 0.4V ' 0.4001 0.2175 0.0740
50000. 40.00 345.0000 0.4-05 0.3795 0.2333 0.0670

50000. 50.00 0. 0.4657 0.4227 0.1934 0.0276
50000. 50.00 15.0300 0.4725 0.4215 0.2010 6.0052
50000. 50.00 30.0000 0.4817 0.4390 0.:979 -0.0130
50000. 50.00 45.0000 0.5039 0.4618 0.1995 -0.0289
50000, 50.00 60.0000 0.5332 0.49k2 0.1970 -0.0352
50000. 50.00 75.0000 0.5580 0.5199 0.2010 -0.0256
50000. 50.00 90.0000 0.5783 0.5388 0.2091 -0.0199
50000, 50.00 105.0000 0.5868 0.5495 0.2060 0.0058
50000. 50.00 120.0000 0.5754 0.5339 0.2131 0.0258
50000. 50.00 135.0000 0.5525 0.5005 0.2300 0.0427
50000. 50.00 150.0000 0.5151 0.4542 0.2406 0.0330
50000. 50.00 165.0000 0.4934 0.4305 0.2409 0.0087
50000. 50.00 180.0000 0.4?7O 0.4157 0.2246 -0.0227
50000. 50.00 195.0000 0.4807 0.4319 0.2047 -0.0511
50000. 50,00 210.0000 0.5033 0.ol0 0.1880 -0.0735
50000. 50.00 225.0000 0.5416 0.5071 0.1742 -0.0765
5^00. 50.00 240.0000 0.5733 0.6472 0.1568 -0.0678
50000. 50.00 255.0000 0.5947 0.5784 0.1333 -0.0368
50000. 50.00 270.0000 0.5902 0.579 0.1120 -0.0018
50000. 50.00 285.0000 0.5815 0.5707 0.1073 0.0322

50000. 30.00 300.0000 0.5559 0.5375 0.1252 0.0664
50000. 50.00 315.0000 0.5226 0.4976 0.1400 0.0765
50000. 50.00 330.0000 0.4910 0.4601 0.1549 0.0732
50000. 50.00 345.0000 0.4694 0.4326 0.1734 0.0557
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THETA PHI B Bz y
kreot) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

50000. 60.00 0. 0.4902 0.4677 0.1456 0.0237
50000. 60.00 15.0000 0.4964 0.4T38 0.1480 0.0044
50000. 60.00 3C.0000 0.5050 0.4827 0.1476 -0.0139
50000. 60.00 45.0000 0.5200 0.5007 0.1375 --0.0277
50000. 60.00 60.0000 0.5344 0.5171 0.1294 -0.0386
50000. 60.00 75.0000 0.5703 0.5532 0.1300 -0.0.76
50000. 60.00 90.0000 0.6076 0.5919 0.1339 -0.0286
5OO00. 60.00 105.0000 0.6116 0.5941 0.1451 -0.0003
50000. 60.00 120.0000 0.6132 0.5922 0.584 0.0145
50000. 60. 3 135.0000 0.5978 0.5733 0.1647 0.0403
50000. 60.00 150.0000 0.5600 0.5322 0.1707 0.0334
50000. 60.00 165.0000 0.5412 0.5121 u.1741 0.0144
50000. 60.00 180.0000 0.5227 0.4912 0.1784 -0.0122
50000. 60.00 195.0000 0.5284 0.4987 0.1688 -0.0453
50000. 60.00 210.0000 0.5459 0.5211 0.1489 -0.0653
50000. 60.00 225.0000 0.5729 0.5560 0.1193 -0.0699
50000. 60.00 240.0000 0.5923 0.5826 -922 -0.0538
50000. 60.00 255.0000 0.6025 0.5975 741 -0.0233
50000. 60.00 270.0000 0.5883 0.5843 .0665 0.0158
50000. 60.00 285.0000 0.5659 0.5614 0.0630 0.0341
50000. 60.00 300.0000 0.5619 0.5546 0.0709 0.0558
50000. 60.00 315.0000 0.5355 0.5218 0.0920 0.0773
50000. 60.00 330.0000 0.5045 0.4865 0.1161 0.0662
50000. 60.00 345.0000 0.4938 0.4725 0.1358 0.0466

50000. 73.00 0. 0.5128 0.5013 0.1059 0.0219
50000. 70.00 15.0000 0.5168 0.5050 0.1091 0.0053
50000. 70.00 30.0000 0.5195 C.5082 0.1074 -0.0078
50000. 70.00 45.0000 0.5216 0.5110 0.1023 -0.0234
50000. 70.00 60.0000 0.5353 0.5252 0.0940 -0.0437
50000. 70.00 75.0000 0.5651 0.5568 0.0798 -0.05k6
50000. 70.00 90.0000 0.5962 0.5905 0.0684 -0.0450
50000. 70.00 105.0000 0.6199 0.6157 0.0679 -0.0249
50000. 70 AO 120.0000 0.6321 0.6277 0.0745 0.0037
50000. 7C 00 135.0000 0.6182 0.6106 0.0918 0.0311
50000. 10.00 150.0000 0.5908 0.5792 0.1127 0.0296
50000. 70.00 165.0000 0.5751 0.5620 0.1218 0.0103
50000. 70.00 180.0000 0,5683 0.5551 0.1197 -0.0103
50000. 70.00 195.0000 0.5656 0.5547 0.1061 -0.0305
50000. 70.00 210.0000 0.5689 0.5607 0.0849 -0.0446
50000. 70.00 225.0000 0.5776 0.5722 0.0616 -0.0484
50000. 70.00 240.0000 0.5895 0.5867 0.0406 -0.0394
50000. 70.00 255.0000 0.6001 0.5994 0.0251 -0.0153
50000. 70.00 270.0000 0.5965 0.5957 0.0224 0.0195
50000. 70.00 285.0000 0.5781 0.5756 0.0304 0.0139
50000. 70.00 300.0000 0.5591 0.5545 C.0410 0.0589
50000. 70.00 315.0000 0.5379 0.5305 0.0590 0.0666
50000. 70.00 330.0000 0.5197 0.5104 0.0795 0.0571
50000. 70.00 345.0000 0.5127 0.5023 0.0949 0.0400

ASD-TDR-62-347 172



H THETA PHI 1 Bz By B,
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

50000. 80.00 0. 0.5339 0.5287 0.0122 0.0190
50000. 80.00 15.0000 0.5365 0.5311 0.0759 0.0049
50000. 80.00 30.0000 0.5348 0.5343 0.0762 -0.0090
50000. 80.00 45.0000 0.5447 0.5394 0.0724 -0.0236
50000. 80.00 60.0000 0.5529 0.5481 0.0631 -0.0369
50000. 80.00 75.0000 0.5646 0.5607 0.0489 -0.0446
50000. 80.00 90.0000 0.5780 0.5754 0.0337 -0.0434
50000. 80.00 135.0000 0.5901 0.5887 0.0219 -0.0334
50000. 80.00 120.0000 0.5977 0.5972 0.0175 -0.0179
50000. 80.00 135.0000 0.5991 0.5987 0.0215 -0.0034
50000. 80.00 150.0000 0.5951 0.5943 0.0302 0.0041
50000. 80.00 165.0000 0.5883 0.5870 0.0379 0.0031
50000. 80.00 180.0000 0.5811 0.5797 0.0408 -0.0036
50000. 80.03 195.0000 0.5758 0.5744 0.0374 -0.0127
50000. 80.00 210.0000 0.5736 0.5726 0.0278 -0.0197
50000. 80.00 225.0000 0.5742 0.5737 0.0139 -0.0200
50000. 80.00 240.0000 0.5750 0.5749 0.0002 -0.0115
50000. 80.00 255.0000 0.5735 0.5734 -0.0086 0.005
50000. 80.00 270.0000 0.5686 0.5681 -0.0089 0.0234
50000. 80.00 285.0000 0.5609 0.5595 -0.0003 0.0398
50000. 80.00 300.0000 0.5518 0.5494 0.0148 0.0%99
50000. 80.00 315.000 0.5431 0.5396 0.0331 0.0520
50000. 80.00 330.0000 0.5364 0.5321 0.0507 0.0457
50000. 80.00 345.0000 0.5334 0.5285 0.0641 0.033%

50000. 90.00 0. 0.5646 0.5636 0 0
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H THETA Pn B Bz By" Bx
(feet) (degrees) (degrees) (oersteds) (oersLeds) (oersteds) (oersteds)

10oo GO. -90.00 C. C.5551 -1.b361 0 0

100000. -80.00 0. 0.5173 -0.4914 0.1417 (,.0180
100000. -80.00 15.0000 C.5242 -0.5010 0.1186 .,.0984
100000. -80.00 30.0000 0.5305 -0.5107 0.0914 0.1108
100000. -80.00 45.0000 0.5354 -0.5185 0.0639 0.1171
100000. -80.00 60.0000 0.5406 -0.5256 0.0366 0.1209
100000. -80.00 75.0000 0.5484 -0.5346 0.0070 0.1220
100000. -80.00 90.0000 0.5593 -0.5465 -0.0237 0.1164
100000. -80.00 105.0000 0.5724 -0.5608 -0.0507 0.1032
100000. -80.00 120.0000 0.5897 -0.5790 -0.0717 0.0854
100000. -80.00 135.0000 0.6130 -0.6033 -0.0894 0.0620
100000. -80.00 150.0000 0.6388 -U.6296 -0.1051 0.0257
100000. -80.00 165.0000 0.6561 -0.6458 -0.1127 -0.0276
100000. -80.00 180.0000 0.6544 --L.6401 -0.1030 -0.0890
100000. -80.00 195.0000 0.6318 -0.6116 -0.0736 -0.1403
100000. -80.00 210.0000 0.5961 -0.5710 -0.0313 -0.1683
100000. -80.00 225.0000 0.5593 -0.5322 0.0146 -0.1715
100000. -80.00 240.0000 0.5309 -0.5038 0.0572 -0.1572
100000. -80.00 255.0000 0.5134 -0.4866 0.0940 -0.1339
100000. -80.00 270.0000 0.5040 -0.4768 0.1244 -0.1057
100000. -80.00 285.0000 0.4998 -0.4719 0.1472 -0.0736
100000. -80.00 300.0000 0.4994 -0.4711 0.1608 -0.0398
100000. -80.00 315.0000 0.5019 -0.4736 0.1659 -0.0014
100000. -80.00 330.0000 0.5060 -0.4778 0.16%8 0.0229
100000. -80.00 345.0000 0.5111 -0.4836 0.1572 0.0517

100000. -70.00 0. 0.4458 -0.4033 0.1749 0.0741
100000. -70.00 15.0000 0.4653 -0.4259 0.1587 0.0996
100000. -70.00 30.0000 0.4936 -0.4609 0.1353 0.1134
100000. -70.00 45.0000 0.5101 -0.4864 0.1079 0.1092
100000. -7u.00 60.0000 0.5135 -0.4942 0.0844 0.1109
100000. -70.OL 75.0000 0.5364 -0.5176 0.0576 0.1283
100000. -70.00 90.0000 0.5829 -0.5678 0.0227 0.1298
100000. -70.00 105.0000 0.6207 -0.6123 -0.0106 0.1011
100000. -70.00 120.0000 0.6340 -0.6303 -0.0295 0.0613
100000. -70.00 135.0000 0.6356 -0.6341 -0.0287 0.0334
100000. -?0.00 150.0000 0.6523 -0.6517 -0.0188 0.0178
100000. -70.00 165.0000 0.6868 -0.6865 -0.0118 -0.0160
100000. -70.00 180.0000 0.7022 -0.6982 0.0032 -0.0756
100000. -70.00 195.0000 0.6837 -0.6723 0.C263 -0.1214
100000. -70.00 210.0000 0.6482 -0.6304 0.0441 -0.1443
100000. -70.00 225.0000 0.6018 -0.5785 0.0610 -0.1544
100000. -70.00 240.0000 0.5521 -0.5244 0.0841 -0.1507
100000. -70.00 255.0000 0.5114 -0.4793 0.1142 -0.1371
100000. -70.00 270.0000 0.4792 -0.4412 0.1476 -0.1151
100000. -70.00 285.0000 0.4573 -0.4144 0.1770 -0.0776
100000. -70.00 300.0000 0.4546 -0.4100 0.1930 --0.0363
100000. -70.00 315.0000 0.4572 -0.4119 0.1982 --0.0090
100000. -70.00 330.0000 0.4493 -0.4033 0.1975 0.0142
100000. -70.00 345.0000 0.4412 -0.3961 0.1892 0.0442
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H THETA PHI B Bz By Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

10000. -60.00 C. 0.3778 -0.3345 0.1605 0.0713
100000. -60.00 15.0000 0.3863 -C.3477 0.1477 0.0806
100000. -60.00 30.0000 0.4102 -0.3719 0.14.29 0.0977
100000. -60.00 45.0000 0.4478 -0.4135 0.1341 0.1078
100000. -60.00 60.0000 0.4774 -0.45;0 0.1116 0.1098
100000. -60.00 75.0000 0.5102 -0.4882 0.0908 0.1169
100000. -60.00 90.0000 0.5545 -0.5365 0.0804 0.115
100000. -60.00 105.0000 0.6019 -0.5897 0.0688 0.0988
100'00. -60.00 120.0000 0.6392 -0.6340 0.0551 0.0601
100000. -V0.00 135.0000 0.6588 -0.6566 0.0478 0.0229
100000. -60.00 150.0000 0.6739 -0.6713 0.0585 -0.0041
100000. -60.00 165.0000 9.7055 -0.6997 0.0833 -0.0374
100000. -60.00 180.0000 0.6944 -0.6779 0.1139 -0.0985
100000. -60.00 195.0000 0.6364 -0.6087 0.1111 -0.1209
100000. -60.00 210.0000 0.5934 -0.5587 0.1616 -0.1177
100000. -60.00 225.0000 0.5655 -0.5291 0.1674 -0.1088
100000. -60.00 210.0000 0.54410 -0.5066 0.1614 -0.1151
100000. -60.00 255.0000 0.5065 -0.4609 0.1699 -0.1238
100000. -60.00 270.0000 0.4615 -0.4061 0.1868 -0.1146
100000. -60.00 285.0000 0.4179 -0.3526 0.2070 -0.0860
100000. -60.00 300.0000 0.3929 -0.3201 0.2238 -0.0421
100000. -60.00 315.0000 0.3785 -0.3052 0.2238 -0.0010
100000. -60.00 330.0000 0.3683 -0.3057 0.2030 0.0312
100000. -60.00 345.0000 0.3669 -0.3145 0.1804 0.0561

100000. -50.00 0. 0.3251 -0.2824 0.1441 0.0717
100000. -50.00 15.0000 0.3448 -0.3094 0. 1323 0.0753
100000. -50.00 30.0000 0.3690 -0.3369 0.1298 0.0764
100000. -50.00 45.0000 0.3946 -0.3612 0.1317 0.0888
100000. -50.00 60.0000 0.4334 -0.4012 0.1289 0.1012
100000. -50.00 75.0000 0.4802 -0.4537 0.1135 0.1091
100000. -50.00 90.0000 0.5259 -0.5069 0.0978 0.1001
100000. -50.00 105.0000 0.5819 -0.5678 0.0933 d.0867
100000. -50.00 120.0000 0.6248 -0.6150 0.1020 0.0420
100000. -50.00 135.0000 0.6470 -0.6359 0.1191 0.0064
100000. -50.00 150.0000 0.6363 -0.6174 0M4187 -0.006
100000. -50.00 165.0000 0.6261 -0.5984 0.1760 -0.053
100000. -50.00 180.0000 0.6056 -0.5692 0.1876 -0.0868
100000. -50.00 195.0000 0.5730 -0.5326 0.1867 -0.0969
100000. -50.00 210.0000 0.5285 -0.4843 0.1852 -0.1026
100000. -50.00 225.0000 0.4951 -0.4475 0.1915 -0.0908
100000. -50.00 240.0000 0.4849 -0.4294 0.2045 -0.0944
100000. -50.00 255.0000 0.4523 -0.3858 0.2100 -0.1077
100000. -50.00 270.0000 0.4083 -0.3291 0.2189 -0.1027
100000. -50.00 285.0000 0.3606 -0.2670 0.2285 -0.0806
100000. -50.00 300.0000 0.3228 -0.2275 0.2270 -0.0301
100000. -50.00 315.0000 C.3057 -0.2228 0.2084 0.0186
100000. -50.00 330.0000 0-3085 -042411 0.1864 0.0483
100000. -50.00 345.0000 0.311N -0.2583 0.1613 0.0649
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100000. -40.00 0. 0.2964 -0.2580 0.1273 0.0714
100000. -40.00 15.0000 0.3206 -0.2880 0.1270 0.0609
100000. -40.00 30.0000 0.3319 -0.2971 0.1344 0.0616
100000. -40.00 45.0000 0.3602 -0.3257 0.1351 0.0735
100000. -110.00 60.0 1O0 0.4019 -0.3653 0.1429 0.0879
100000. -.0.CO 75.0000 0.4657 -0.4308 0.1463 0.0995
100000. -4.0.00 90.000G 0.5262 -0.4971 0.14.80 0.0889
100000. -40.00 105.0000 0.5737 -0.5482 0.1578 0.0607
100000. -40.00 120.0000 0.6057 -0.5802 0.1724 0.0235
100000. -.0.00 135.0000 0.6178 -0.5874 0.1912 -0.0111
100000. -40.00 150.0000 0.5979 -0.5627 0.1968 -0.0460
100000. -1.0.00 165.0000 0.5837 -0.5422 0.2075 -0.060n
100000. -140.00 180.0000 0.5561 -0.5028 0.2225 -0.0834
100000. -40.00 195.0000 0.5125 -0.4475 0.2339 -0.0877
100000. -20.00 210.0000 0.4883 -0.4229 0.2306 -0.0805
100000. -20.00 225.0000 0.4639 -0.3917 0.2339 -0.0844
100000. -40.00 240.0000 0.1364 -0.3552 0.2387 -0.0858
100000. -40.00 255.0000 0.4040 -0.3131 0.2384 -0.0916
100000. -40.00 270.0000 0.3582 -0.2555 0.2347 -0.089
100000. -.0.00 285.0000 0.3068 -0.1957 0.2268 -0.0662
100000. -40.00 300.0000 0.2683 -0.1570 0.2170 -0.0158
100000. -40.00 315.0000 0.2606 -0.1613 0.2020 0.0330
100000. -40.00 330.0000 0.2662 -0.1882 0.1764 0.0656
100000. -40.00 345.0000 0.2806 -0.2277 0.1452 0.0762

100000. -30.00 0. 0.2983 -0.2614 0.1255 0.0699
100000. -30.00 15.0000 0.3023 -0.2700 0.1283 0.0253
100000. -30.00 30.0000 0.3184 -0.2834 0.1337 0.0562
100000. -30.00 45.0000 0.3507 -0.3129 0.1501 0.0505
100000. -30.00 60.0000 0.3819 -0.3358 0.1679 0.0700
100000. -30.00 75.0000 0.4385 -0.3887 0.1860 0.0810
100000. -30.00 90.0000 0.4961 -0.4490 0.1998 0.0680
100000. -30.00 105.0000 0.5418 -0.4939 :.2186 0.0435
100000. -30.00 120.0000 0.5674 -0.5104 0.2478 0.0008
100000. -30.00 135.0000 0.5626 -0.940 0.2684 -0.0211
100000. -30.00 150.0000 0.5560 -0.4809 0.2757 -0.042P6
100000. -30.00 165.0000 0.5334 -0.4468 0.282 -0.0639
100000. -30.00 180.0000 0.5001 -0.404 0.2846 -0.07.
100000. -30.00 195.0000 0.4643 -0.3683 0.272 -0.0754
100000. -30.00 210.0000 0.4212 -0.3334 0.2789 -0.0757
10OOO. -30.00 225.0000 0.4102 -0.2948 0.2755 -0.0737
100000. -30.00 240.0000 0.3820 -0.2647 0.2658 -0.0721
100000. -30.00 255.0000 0 358 -0.2319 0.2575 -0.0764
100000. -30.00 270.0000 0.3186 -0.1823 0.2507 -0.0736
100000. -30.00 285.0000 0.2795 -0.1326 0.2409 -0.0500
100000. -30.00 300.0000 0.281 -0.1046 0.2250 -0.0013
100000. -30.00 315.0000 0.2383 -0.1192 0.2009 0.0470
100000. -30.00 330.0000 0.2494 -0.1593 0.1736 0.0817
100000. -30.00 345.0000 0.2781 -0.2189 0.1475 0.0874
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H IM1A PHI B B b B
(feet) (degreea) (degrees) (oersteds) (oersteds) (oerateds) (oersteds)

100000. -20.00 0. 0.3155 -0.2582 0.1657 0.0735
100000. -20.00 15.0000 0.3205 -0.2758 0.1562 0.0398
100000. -20.00 30.0000 0.329? -0.2790 0.1718 0.0370
100000. -20.00 45.0000 0.3486 -0.28,6 0.1955 0.0345
100000. -20.00 60.0G00 0.3749 -0.3045 0.2131 0.0493
100000. -20.00 75.0000 0.4124 -0.3326 0.2362 0.0604
100000. -20.00 90.0000 0.4655 -0.3846 0.2571 0.0481
100000. -20.00 105.0000 0.5000 -0.4067 0.2903 0.0174
100000. -20.00 120.0000 0.5057 -0.3969 0.3131 -0.0117
100000. -20.00 135.0000 0.4969 -0.3799 0.3i92 -0.0267
100000. -20.00 150.0000 0.4847 -0.3594 0.3223 -0.0435
100000. -20.00 165.0000 0.4588 -0.3257 0.3181 -0.0 56q
100000. -20.00 180.0000 0.4327 -0.2882 0.3154 -0.0685
103000. -20.00 195.0000 0.4151 -0.2568 0.3191 -0.0670
100000. -20.00 210.0000 0.3845 -0.2200 0.3086 -0.0649
100000. -20.00 225.0000 0.3608 -0.1926 0.29a4 -0.0635
100000. -20.00 240.0000 0.3432 -0.1701 0.2920 -0.0598
100000. -20.00 255.0000 0.3224 -0.1415 0.2824 -0.0646
100000. -20.00 270.0000 0.2953 -0.1023 0.2706 -0.0595
100000. -20.00 285.0000 0.2696 -0.0621 0.2597 -0.0373
100000. -20.00 300.0000 0.2479 -0.0468 0.2431 0.0124
100000. -20.00 315.0000 0.2434 -0.0696 0.2251 0.0610
100000. -20.00 330.0000 0.2559 -0.1234 0.2049 0.0909
100000. -20.00 345.0000 0.2836 -0.1954 0.1802 0.0991

100000. -10.00 0. 0.3149 -0.2088 0.2254 0.0692
100000. -10.00 15.0000 0.3333 -0.2381 0.2300 0.0357
100000. -10.00 30.0000 0.3378 -0.2369 0.2398 0.0215
500000. -10.00 45.0000 0.3446 -0.2255 0.2601 0.0176
100000. -10.00 60.0000 0.3666 -0.2336 0.2804 0.0352
100000. -10.00 75.0000 0.3948 -0.2558 0.2976 0.0433
100000. -10.00 90.0000 0.4331 -0.2919 0.3184 0.0313
100000. -10.00 105.0000 0.4436 -0.2908 0.3349 -0.0021
IflO00p2. -10.00 120.0000 0.4410 -0.2621 0.3540 -0.0220
'O1000. --10.00 135.0000 0.4344 -0.2392 0.3617 -0.0257
100000. -10.00 150.0000 0.4220 -0.2226 0.3565 -0.0378
100000. -10.00 165.0000 0.4064 -0.1961 0.3519 -0.0531
100000. -10.00 180.0000 0.3863 -0.1598 0.3463 -0.0612
100000. -10.00 195.OOCO 0.3597 -0.1284 0.3309 -0.0581
100000. -10.00 210.000q 0.3422 -0.1039 0.3212 -0.0559
100000. -10.00 225.000U 0.3276 -0.0855 0.3138 -0.0530
100000. -10.00 240.00C 0.3141 -0.0673 0.3023 -0.0524
100000. -10.00 255.0000 0.3071 -0.0467 0.2983 -0.0558
100000. -IU.00 270.0000 0.2993 -0.0108 0.2944 -0.0525
100000. -10.00 285.0000 0.2875 0.0253 0.2851 -0.0272
100000. -10.00 300.0000 0.2762 0.0369 0.2726 0.0245
100000. -10.00 315.0000 0.2619 -0.0001 0.2522 0.0708
100000. -10.00 330.0000 0.2603 -0.0638 0.2314 0.1006
100000. -10.00 345.0000 0.2876 -0.1485 0.2232 0.1042
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H TETA PHI B Bz BY a
(feet) (d)grees) (degrees) (oersteds) (oersteds) (oersteds) (oerstedz)

100000. 0.00 0. 0.30d8 -0 1279 0.2742 0.0614
100000. C.00 15.000b 0.3269 -0.1409 0.2935 0.0300
100000. 0.00 30.0000 0.3361 -0.1380 0.3063 0.0112
100000. 0.00 '5.000 0.3402 -0.1f92 0.3186 (.006f
100000. 0.00 60.0006 0.3569 -0.1152 0.3371 0.0212
IO000O. U.O0 75.0000 0.3783 -0.1327 0.3529 O.OJOv
100000. 0.00 90.0000 0.4034 -0.1580 0.3706 0.0393
100000. 0.00 105.0000 0.4130 -0.1487 0.3851 -0.0104
100000. 0.00 120.0000 0.3981 -0.1160 0.3801 -0.0232
100000. 0.00 135.0000 0.3801 -0.0947 0.3683 -0.0214
100000. 0.00 150.0000 0.3679 --0.0819 0.35Y3 -C.0303
100000. 0.00 165.0000 0.3524 -0.0591 0.3439 -0.0493
i00000. 0.00 180.0000 0.3392 -0.0252 0.3342 -0.0526
100000. 0.00 195.0000 0.3369 0.0008 0.3328 -0.0521
100000. 0.00 210.0000 0.3276 0.0153 0.3236 -0.0489
100000. 0.00 225.3000 0.3212 0.0268 0.3168 --0.0459
100000. 0.00 240.0000 0.3235 0.0387 0.3172 -0.0506
100000. 0.00 255.0000 0.3250 0.0624 0.3147 -0.0520
100000. 0.00 270.0000 0.3275 0.0978 0.3087 -0.085
100000. 0.00 285.0000 0.3309 0.1352 0.3014 -0.0181
100000. 0.00 300.0000 0.3166 0.1366 0.2836 0.0339
100000. 0.00 315.0000 0.3003 0.0925 0.2744 0.0796
100000. 0.00 330.0000 0.2897 0.0172 0.268. 0.1082
100000. 0.00 345.0000 0.2900 -0.0717 0.2622 0.1010

100000. 10.00 0. 0.3176 -0.0096 0.3139 0.077
100000. 10.00 15.0000 0.3292 -0.0111 0.3284 0.0212
100000. !0.00 30.0000 0.3411 0.0014 0.3411 0.0037
100000. 10.00 45.0000 0.3491 0.0169 0.3487 -0.0002
100000. 10.00 60.0000 0.3633 0.0290 0.3621 0.0085
100000. 10.00 75.0000 0.3322 0.0182 0.3813 0.0195
100000. 10.00 90.0000 0.3984 0.0050 0.3982 0.0113
100000. 10.00 105.0000 0.3936 0.0123 0.3933 -0.0094
100000. 10.00 120.0000 0.3849 0.0314 C.3834 -0.0136
100000. 10.00 135.00G0 0.3692 n-.041 0.3667 -0.0120
100000. 10.00 150.0000 0.3483 0.0456 0.3447 -0.0206
100000. 10.00 165.0000 0.3387 0.0631 0.3302 -0.0%08
100000. 10.00 180.0000 0.3300 0.0875 0.3148 -0.0461
100000. 10.00 195.0000 0.3257 0.1100 0.3026 -0.096
100000. 10.00 210.0000 0.3333 0.1260 0.3049 -0.0478
100000. 10.00 225.0000 0.3435 0.1386 0.3105 -0.091
iO0000. 10.OQ 240.0000 0.3543 3.1589 0.3126 -0.05'19
100000. 10.00 255.0000 0.3669 0.1839 0.3133 -0.0515
100000. 10.00 270.0000 0.3826 0.2195 0.3101 -G.0449
100000. 10.00 285.0000 0.3901 0.2541 0.2959 -0.0073
100000. 10.00 300.0000 0.3743 0.2433 0.2811 0.0432
100000. 10.00 315.0000 0.3483 0.1983 0.27141 0.0827
100000. 10.00 330.0000 0.3218 0.1211 0.2769 0.1106
100000. 10.00 3%5.0000 0.3092 0.0268 0.2929 0.09%
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1! THETA pil B tByBi
(feet) (degrees) (degrees) (oersteds) (oesteda) (oersteds) (oersteds)

100000. 20.00 0. 0.3474i 0.1248 0.3219 0.0391
100000. 20.00 15.0000 0.3542 0.1284 0.32'6 0.0178
100000. 20.00 30.0000 0.3672 0.1448 0.3374 -0.0045
100000. 20.00 45.0000 0.3828 0.1615 0.3470 -0.0083
100000. 20.00 60.0000 0.4024 0.1795 0.3602 -0.0010
100000. 20.00 75.0000 0.4199 0.1824 0.3782 0.0059
100000. 20.00 90.0000 0.4295 0.1793 0.3902 0.0068
IOOuOO. 20.00 105.0000 0.4273 0.1742 0.3902 -0.0024
iOOOOO. 20.00 120.0000 0.4161 0.1842 0.3731 -0.0007
100000. 20.00 135.0000 0.3867 0.1721 0.3463 0.0049
100000. 20.00 150.0000 0.3595 0.1552 0.3242 -0.0063
100000. 20.00 165.0000 0.338 0.1583 0.2977 -0.0291
100000. 20.00 180.0000 0.3387 0.1792 0.2844 -0.041z
100000. 20.00 195.0000 0.3508 0.2021 0.2822 -0.0508
100000. 20.00 210.0000 0.3625 0.2217 0.2816 -0.0537
100000. 20.00 225.0000 0.3844 0.2471 0.2893 -0.0551
100000. 20.00 240.0000 0.4099 0.2750 0.2986 -0.0569
100000. 20.00 255.0000 0.4322 0.3059 0.3005 -0.0541
100000. 20.00 270.0000 0.4.512 0.3448 0.2887 -0.0366
IO00uO. 20.00 285.0000 0.4.532 0.3652 0.2684 0.0058
100000. 20.00 300.0000 0.4303 0.3423 0.2557 0.0515
100000. 20.00 315.0000 3.3943 0.2885 0.2549 0.0851
100000. 20.00 330.0000 0.3636 0.2203 0.2696 0.1048
100000. 20.00 345.0000 0.3461 0.1513 0.3011 0.0791

100000. 30.00 0. 0.3924 0.2592 0.2931 0.0304
100000. 30.00 15.0000 0.3978 0.2583 0.3022 0.0158
100000. 30.00 30.0000 0.4109 0.2750 0.3052 -0.0093
100000. 30.00 45.OCOO 0.4311 0.2966 0.3124 -0.0168
100000. 30.00 60.0000 0.454C 0.3203 0.3215 -0.0115
100000. 30.00 75.0000 0.4670 0.3293 0.3311 -0.0039
100000. 30.00 90.0000 0.4778 0.3315 0.3440 0.0014
100000. 30.00 105.0000 0.4788 0.3301 0.3469 0.002?
100000. 30.00 120.0000 0.4642 0.3216 0.3345 0.0142
10G000. 30.00 135.0000 0.4385 0.2955 0.3233 0.0207
100000. 30.00 150.0000 0.4028 0.2654 0.3028 0.0105
100000. 30.00 165.0000 0.3769 0.2475 0.2840 -0.0130
100000. 30.00 180.0000 0.3672 0.2539 0.2626 -0.0373
100000. 30.00 195.0000 0.3819 0.2793 0.2549 -0.0534
100000. 30.00 210.0000 0.4043 0.3072 0.2558 -0.0607
100000. 30.00 225.0000 0.4361 0.3763 0.2290 -0.0675
100000. 30.00 20.0000 0.4677 0.3836 0.2599 -0.0634
100000. 30.00 255.0000 0.4993 0.422 0.2578 -0.0539
I00000. 30.00 270.0000 0.5147 0.4518 C-2451 -0.0257100000. 30.00 285.0000 M.108 0.4564 0.2287 0.0171
100000. 30.00 0.0000 0.4857 0 4277 0.2223 0.0597
100000. 30.00 315.0000 0.4484 0.3762 0.2282 0.0860
100000. 30.00 330.0000 0.4053 o.3nS0 0.2476 0.0897
100000. 30.00 345.0000 0.3955 0.2723 0.2787 0.0680
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H THETA PHI B y ((feet) (degrees) (degrees) (oersteds) (osriteds) (cersteds) (oeicds)
100000. 40.00 0. 0.4276 0.3525 0.2404 0.0281100000. 40.00 15.0000 0.4327 0.3554 0.2466 0.0092100000. 40.00 30.0000 0.4506 0.3733 0.2520 -0.O00100000. 40.00 45.0000 0.4680 0.3939 0.2515 -0.0239130000. 40.00 60.0000 0.4946 0.4213 0.2581 -0.0226100000. 40.00 75.0000 1.5163 0.4390 0.2714 -0.01441OGGO. 40.00 90.0G00 0.5347 0.4545 0.2814 -0.01031JO00. 40,00 105.0000 0.5451 0.4610 0.2909 0-0066100000. 40.00 120.0000 0.5P (.4423 C.2883 0.02210000. 40.00 135.0000 0.4921 '.4055 0.2765 0.0364100000. 40.00 150.0000 0.4465 0.3576 0.2660 0.0260100000. 40.00 165.0000 0.4203 0.3339 0.2554 -0.0009100000. 40.00 180.0000 0.4119 0.3289 0.2451 -0.03Z9100000. 40.00 195.0000 0.4308 0.3565 0.2359 -0.0536100000. 40.CO 210.OCC0 0.4560 0.3878 0.2298 -0.0692100000. 40.00 225.0000 0.4902 0.4295 0.2243 -0.0740100000. 40.00 240.O0O0 0.5249 0.4735 0.2161 -0.0684100000. 40.00 255.0000 0.5571 0.5165 0.2026 -0.0509100000. 40.00 270.0000 0.5696 0.5388 0.1844 -0.0139100000. 40.00 285.0000 0.5572 0.5288 0.1735 0.0268100000. 40.00 300.0000 0.5245 0.4911 0.1715 0.0675100000. 40.00 315.0000 0.4903 0.4455 0.1881 0.0807100000. UO.O0 330.0000 0.4582 0.3975 0.ZI57 0.0736100000. 40.00 3%5.0000 0.4470 0.3765 0.2316 0.0663
100000. 50.00 0. 0.4625 0.4199 0.1921 0.0275100000. 50.00 15.0000 0.4692 0.4245 0,,3996 0.0053100000. 50.00 30.0000 0.4784 0.4359 0.1967 -0.0128100000. 50.00 45.0000 0.5003 0.4585 0.1982 -0.0285100000. 50.00 60.0000 0.5291 0.4903 0.195h -0.0347100000. 50.00 75.0000 0.5537 0.5158 0.1997 -0.0253100000. 50.00 90.0000 0.5738 0.5345 0.2077 -0.0195100000. 50.00 105.0000 0.5822 0.5449 0.2049 0.0056100000. 50.00 120.0000 0.5709 0.5295 0.2119 0.0254100000. 50.00 135.0000 0.5452 0.4966 0.2283 0.0420100000. 50.00 150.0000 0.5113 0.4511 0.2385 0.03241,)O000. 50.00 165.0000 0.4897 0.4275 0.2388 0.0084100000. 50.00 180.0000 0.4700 0.4132 0.2228 -0.0226i00000. 50.00 195.0000 0.4775 0.4291 0.2034 -0.0507100000. 50.00 210.0000 0.4999 0.4580 0.1868 -0.0727iO0000. 50.00 225.0000 0.5377 0.503% 0.1730 -0.0757IOCOO. 50.00 240.0000 0.5689 0.5431 0.1557 -0.9670100000. 50.00 255.0000 0.5900 0.5738 0.1325 -0.0366100000. 50.00 270.0000 0.5857 0.5750 0.1116 -0.0018100000. 50.00 285.0000 0.577) 0.5662 0.1069 0.0319100000. 50.00 300.0000 0.5518 0.5336 0.1244 0.0654100000. 50.00 315.000 0.5189 0.4941 0.1391 0.0758100000. 50.00 330.0000 0.4877 0.4570 G.1542 0.0726100000. 50.00 345,0000 0.4664 0.4298 0.1725 0.0553
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H THETA PHI B p- By EX
(feet) (degrees) (degrees) (oersteds) (o, -- .ersteds) (oersteds)

lOC0CO. 60.00 C. 0.4872 0.4647 0.1442 0.02.'
100000. 60.00 ht.0000 0.4932 0..1707 0.1472 0.00.
IGO0 . 60.00 30.0000 '0.5017 0.4795 0.1468 -0.0136
100000. 60.00 45.00001 0.5164 0.'.972 0.1370 -0.0273
100000. 60.00 60.0000 0.5310 0.5137 0.1291 -0.0381
100001). 60.00 75.G00 0.5661 0.5491 0.1295 -0.0466
100003. 60.00 90.0000 0.6025 0.1869 0.1333 -0.0281
100000. 60.00 105.0000 0.6068 0.5895 0.1441 -0.0005
100000. 60.00 120.0000 C.6002 0.587' 0.1571 0.0145
100000. 60.00 135.0000 0.5930 0.5686 0.1636 0.0395

100000. 60.00 150.0000 0.5561 0.5285 0.1698 0.0328
100000. 60.00 165.0000 0.5374 0.5084 0.1737 0.0139
100000. 60.00 180.0000 0.5194 0.4881 0.1771 -0.0124
100000. 60.00 195.0000 0.5249 0.4955 0.1674 -0.0449
100000. 60.00 210.0000 0.5421 0.5176 0.1471 -0.0646

1000GO. 60.00 225,0000 0.5687 0.5518 0.1185 -0.0691
100000. 60.00 21,D0.0000 0.5879 0.5782 0.0918 -0.0533
100000. 60.00 255.0000 0.5980 0.5930 0.0738 -0.0232
100000. 60.00 270.0000 0.5843 0.5803 0.0662 0.0153
100000. 60.10 285.0000 0.5625 0.5579 0.0629 0.0339
100000. 60.00 300.0000 0.5579 0.5506 0.0708 0.0554

100000. 60.00 315.0000 0.5319 0.5183 0.0916 0.0763
100000. 60.00 330.0000 0.5014 0.4836 0.1154 0.0656
100000. 60.00 345.0000 0.4907 0.4695 0.134; 0.0463

100000. 70.00 0. U.5096 0.4982 0.1052 0.0219
100000. 70.00 45.0000 0.5135 0.5017 0.1091 0.0054
100000. 70.00 30.0000 0.5162 0.5050 0.1069 -0.0077

10000u. 70.00 45.0000 0.5186 0.5080 0.1018 -0.0232
100000. 70.00 60.0000 0.5322 0.5222 0.0936 -0.0429
100000. 70.00 75.0000 0.5614 0.S531 0.0796 -0.0535
100000. 70.00 90.0000 0.5916 0.5862 0.0686 -0.0443
iOOOuO. 70.00 105.0000 0.6150 0.6107 0.0679 -0.0243

100000. 70.00 120.0000 0.6267 0.6223 0.0144 0.0037
100000. 70.00 135.0000 0.6132 0.6056 0.0914 0.0302
100000. 70.00 150.0000 C.5866 0.5752 0.1118 0.028to

100000. 70.00 165.0000 0.5711 0.5581 0.1208 0.0100
100000. 70.00 180.0000 0.5640 0.5513 0.1188 -0.0104
100000. 70.00 195.0000 0.5617 0.5509 0.1054 -0.0304
10;000. 70.00 210.0000 0.5651 0.6570 0.C845 -0.0442

100000. 70.00 225.0000 0.5737 0.5684 0.0614 -0.0479
100000. 70.00 240.0000 0.5853 0.5826 C.OOi -0.0389
100000. 70.00 255.0000 0.59j6 0.5949 0.0252 -0.0151

100000. 70.00 270.0000 G.5919 0.5912 0.0225 0.0191

100000. 70.00 285.0000 0.57240 r,ST16 0.0303 0.0433

100000. 70.00 300.0000 0.5554 0.5508 0.0408 0.0581
100000. 70.00 315.0000 005346 0.5272 0.0588 0.0658
100000. 70.00 330.0000 0.5166 0.5074 0.0790 0.0566

100000. 70.00 345.0000 0.5097 0.4993 0.0943 0,0398
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H THETA PHI B Bz By Bic
(i'est) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

100000. 80.00 0. 0.5307 0.5255 0.0716 0.0190
100000. 80.00 15.0000 0.5332 0.5278 0.0753 0.00b1
100000. 80.00 30.0000 0.5365 0.5311 0.0756 -0.0088
100000. 80.00 45.0000 C.5414 0.5361 0.0718 -0.0232
100000. 80.00 60.0000 0.549b 0.5447 0.0626 -0.0362
100000. 80.00 75.0000 0.5610 0,5572 0.0487' -0.0437
100000. 80.00 90.0000 0.5741 0.715 0.0331 -0.0425
100000. 80.00 105.0000 0.5859 0.5846 0.0222 -0.0327
100000. 80.00 120.0000 0.5933 0.5928 0.0180 -0.0176
100000. 80.00 135.0000 0.5947 0.5943 0.0219 -0.0035
100000. 80.00 1500000 0.5908 0.5900 0.0304 0.0037
100000. 80.00 165.0000 0.5841 0.5829 0.0379 0.0027
100000. 80.00 180.0000 0.5772 0.5757 0.0407 -0.0040
100000. 80.00 195.0000 0.5720 0.5707 0.0372 -0.0129
100000. 80.00 210.0000 0.5699 0.5689 0.0276 -0.0196
100000. 80.00 2Z5.0000 0.5704 0.5699 0.01140 -0.0199
100000. 80.00 240.0000 0.5712 0.5710 0.0004 -0.0115
100000. 80.00 255.0000 0.5697 0.5697 -0.0082 0.0043
100000. 80.00 270.0000 0.5650 0.5644 -0.0085 0.0230
100000. 80.00 285.000 0.5574 0.5560 -0.000; 0.0392
100000. 80.00 300.0000 0.5485 0.5461 0.0148 0.0493
100000. 80.00 315.0000 0.5399 0.5364 0.0329 0.0514
100000. 80.00 330.0000 0.5333 0.5290 0.0502 0.0452
100000. 80.00 345.0000 0.5303 0.5254 0.0636 0.0332

100000. 90.00 0. 0.5610 0.5600 0 0
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H THETA PHI B Bz By Bx

(feet) (degrees) (degrees) (oerstedsO (oersteds) (oetsteds) (oersteds)

250000. -90.00 0. 0.5445 -0.5256 0 0

250000. -80.00 0. 0.5058 -0.4806 0.1384 0.0760
250000. -80.00 15.0000 0.5126 -0.4900 0.1160 0.0961
250000. -80.00 30.0000 0.5190 -0.4996 0.0896 0.1086
2b0000. -80.00 45.0000 0.5244 -0.5078 0.0627 0.1151
250000. -80.00 60.0000 0.5301 -0.5154 0.0357 0.1188

250000. -80.00 75.0000 0.5384 -0.5249 0.0068 0.1195
250000. -80.00 90.0000 0.5493 -0,5370 -0.0231 0.1135
250000. -80.00 105.0000 0.5624 -0.5512 -0.0O46 0.1000
250000. -80.00 120.0000 0.5788 -0.5687 -0.0702 0.0816
250000. -80.00 135.0000 0.6001 -0.5910 -0.0872 0.0576
250000. -80.00 150.0000 0.6231 -0.614 -0.1014 0.0220
250000. -80.00 165.0000 0.6384 -0.6287 -0.1076 -0.0283
250000. -80.00 180.0000 0.6367 -0.6234 -0.0977 -0.0856
250000. -80.OC 195.0000 0.6163 -0.5975 -0.0696 -0.1338
250000. -80.00 210.0000 0.5838 -0.5604 -0.0292 -0.1608
250000. -80.00 225.0000 0.5499 -0.5243 0.0118 -0.1651
250000. -80.00 210.0000 0.5229 -0.4970 0.0560 -0.1527
250000. -80.00 255.0000 0.5055 -0.795 0.0919 -0.1309
250000. -80.00 270.0000 0.4957 -0.4691 0.1217 -0.1038
250000. -80.00 285.0000 0.4908 -0.4636 0.1440 -0.0726
250000. -80.00 300.0000 0.4898 -0.4622 0.1573 -0.0396
250000. -80.00 315.0000 0,4917 -0.461 0.1624 -0.0078
250000. -80.00 330.0000 0.4953 -0.11678 0.1612 0.0220
250000. -80.00 345.0000 0.4999 -0.4731 0.1536 0.0503

250000. -70.00 0. 0.437 -0.396t 0.1699 0.0724
250000. -70.Oq 15.0000 0.4556 -0.179 0.1537 0.0966
250000. -70.00 30.0000 0.4820 -0.4506 0.1312 0.1099
250000. -70.00 15.0000 0.498% -0.1753 0.1050 0.1073
250000. -70.00 60.0000 0.5039 -0.1851 0.0819 0.1093
250000. -70o00 75.0000 0.5264 -0.5085 0.0558 0.123
250000. -70.00 90.0000 0.5697 -0.55511 0.0226 0.128
250000. -70.00 105.0000 0.6055 -0.5975 -0.0088 0.0979
250000. -70.00 120.0000 0.6197 -0.6161 -0.0268 0.0603
250000. -70.00 135.0000 0.6231 -0.6217 -0.0269 0.0326
250000. -70.00 150.0000 0.6393 -0.6389 -0018 0.015
250000. -70.00 165.0000 0.6703 -0.*700 -0.0115 -0.0182
250000. -70.00 180.0000 0.6835 -0.6795 0.003 -0.072
250000. -70.00 195.0000 0.6654 -0.6544 0.0263 -0.1176
25000C. -70.00 210.0000 0.6312 -0.6139 0.0448 -0.1396
250000. -70.00 225.0000 0.5872 -0.566 0.0620 -0.190

250000. -70.00 210.0000 0.50 -0.513 0.08k5 -0.1457
250000. -70.00 255.0000 0.5015 -0.4701 0.1133 -0.1330

250000. -70.00 270.0000 0.4704 -0.4333 0.1153 -0.1116
250000. -70.00 285.0000 0.4491 -0.O7S 0-1732 -0.0758
250000. -70.00 300.OOOC 0.4453 -0.4017 0.1887 -0.0362
250000. -70.00 315.0000 0.4467 -0.02 0.1937 -0.0087

250000. -70.00 330.0000 0.1395 -0.3948 0.1925 0.019
250000. -70.00 345.0000 0.4326 -0.3891 0.1839 0.039
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H THETA FHI B Bz By Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

250000. -60.00 0. 0.3709 -0.3286 0.1572 0.0698
250000. -60.00 15.0060 0.3802 -0.3426 0.1446 0.0793
250000. -60.00 30.0000 0.4036 -0.3667 0.1392 C.0951
250000. -60.00 45.0000 0.4392 -0.4061 0.1301 0.1048
250000. -60.00 60.0000 0.4.681 -0.4425 0.1090 0.1072
250000. -60.00 75.0000 0.5004 -0.4792 0.0890 0.1137
250000. -60.00 90.0000 0.5434 -0.5262 0.0779 0.1111
250000. -60.00 105.0000 0.5891 -0.5776 0.0662 0.0952
250000. -60.00 120.0000 0.6249 -0.6199 0.0533 0.0581
250000. -60.00 135.0000 0-.6439 -0.6418 0.0472 0.0218
250000. -60.00 150.0000 0.6584 -0.6558 0.0581 -0.0051
250000. -60.00 165.0000 0.6863 -0.6805 0.0817 -0..0361
250000. -60.00 180.0000 0.6755 -0.6596 0.1104 -00946
250000. -60.00 195.0000 0.6219 -0.5955 0.1363 -0.1167
250000. -60.00 210.0000 0.5804 -0.5472 0.1558 -0..1147
250000. -60.00 225.0000 0.5527 -0.5175 0.1620 -0.1069
250000. -60.00 240.0000 0.5308 -0.1941 0.1579 -3.1125
250000. -60.00 255.0000 0.4944 -0.4498 0.1666 -0.1201
250000. -60.00 270.0000 0.4511 -0.3970 0.1832 -0.1109
250000. -60.00 285.0000 0.4095 -0.3459 0.2027 -0.0830
250000. -60.00 300.0000 0.3851 -0.3146 0.2183 -0.0406
250000. -60.00 315.0000 0.3711 -0.3005 0.217? -0.0006
250000. -60.00 330.0000 0.3616 -0.3010 0.1981 0.0307
250000. -60.00 345.0000 0.3606 -0.3096 0.1764 0.0549

250000. -50.00 0. 0.3200 -0.2783 0.1415 0.0702
250000. -50.00 15.0000 0.3392 -0.3044 0.1302 0.0735
250000. -50.00 30.0000 0.3625 -0.3309 0.1278 0.0750
250000. -50.00 45.0000 0.3880 -0.3554 0.1293 0.0867
250000. -50.00 60.0000 0.4258 -0.3945 0.1262 0.0986
250000. -50.00 75.0000 0.4714 -0.1456 0.1116 0.1059
250000. -50.00 90.0000 0.5162 -0.4976 0.0970 0.0973
250000. -50.00 105.0000 0.5699 -0.5561 0.0927 0.0632
250000. -50.00 120.0000 0.6109 -0.6011 0.1007 0.0409
250000. -50.00 135.0000 0.6320 -0.6211 0.1168 0.0055
250000. -50.00 150.0000 0.6228 -0.6045 0.1 46 -0.0386
250000. -50.00 165.0000 0.6130 -0.5864 0.1704 -0.0535
250000. -50.00 180.0000 0.5929 -0.5579 0.1822 -0.0845
250000, -50.00 195.0000 0.5606 -0.5211 0.1826 -0.0966
250000. -50.00 210.0000 0.5180 -0.4746 0.1819 -0.0998
250000. -50.00 225.0000 0.4859 -0.4390 0.1880 -0.0893

250000. -50.00 240.0000 0.4743 -0.4200 0.2000 -0.0926
250000. -50.00 255.0010 0.4425 -0.3776 0.2056 -0.1046

250000. -59.00 270.0000 0.3998 -0.3225 0.2143 -0.0996

250000. -50.00 285.0M,0 0.3535 -0.2629 0.2234 -0.0776

250000. -50.00 300.0300 0.3172 -0.2247 0.2220 -0.0290
250000. -50.00 315.0000 0.3009 -0.2200 0.2045 0.0180

250000. -50.00 330.0000 0.3032 -0.2372 0.1828 0.0473

250000. -50.00 345.0000 0.3066 -0.2547 0.1585 0.0635
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H THETA PSI B Bz By Br
(feet) (degrees) (degrei) (oersteds) (oersteds) (oersteds) (oersteds)

250000. -40.00 3. 0.2919 -0.2540 0.1259 0.0698
250000. -10.00 15.0000 0.3149 -0.2827 0.1253 0.0598
250000. -40.00 30.0000 0.3269 -0.2928 0.1321 0.0606
250000. -20.00 45.000 0.3545 -0.3206 0.1332 0.0717
250000. -40.00 60.0000 0.3951 -1.3592 0.12106 0.0856
250000. -40.00 75.0000 0.4561 -0.4220 0.1437 0.0964
250000. -40.00 90.0000 0.5146 -0.4860 0.1454 0.0860
250000. -40.00 105.0000 0.5608 -0.5358 0.15%8 0.0589
250000. -40.00 120.0000 0.5918 -0.5667 0.1691 0.0221
250000. -40.00 135.0000 0.6033 -0.5735 0.1872 -0.0111
250000. -40.00 150.0000 0.5349 -0.5502 0.1935 -0.0O44
250000. -20.00 165.0000 0.5735 -0.5294 Oo201 -0.0596
250000. -20.00 180.0000 0.5437 -0.4913 0.2182 -0.0811
250000. -10.00 195.0000 0.5022 -0.2389 0.2286 -0.0855
250000. -40.00 210.0000 0.4778 -0.4135 0.2261 -0.0792
250000. -20.00 225.0000 0.4535 -0.i826 0.2291 -0.0826
250000. -10.00 240.0000 0.14266 -0.3171 0.2335 -0.0838
250000. -20.00 255.0000 0.39k9 -0.3059 0.2333 -0.0892
250000. -40.00 270.0000 0.3508 -0.2503 0.2300 -0.0866
250000. -40.00 285.0000 0.301 -0.1927 0.2229 -0.0638
250000. -140.00 300.0000 0.2645 -0.1557 0.2133 -0.0152
250000. -40.00 315.0000 0.2566 -0.1596 0.1984 0.0321
250000. -40.00 330.0000 0.2621 -0.1858 0.1734 0.0639
250000. -40.00 345.0000 0.2762 -0.22411 0.1434 0.071

250000. -30.00 0. 0.2926 -0.2556 0.1251 0.0685
250000. -30.00 15.OCOO 0.2976 -0.2652 0.1273 0.0452
250000. -30.00 30.0000 0.3133 -0.2785 0.1328 0.055
250000. -30.00 25.0000 0.3443 -0.3066 0.1284 0.0299
250000. -30.00 60.0000 0.3751 -0.3297 0.1656 0.0681
250000. -30.00 75.0000 0.4297 -0.3808 0.1829 0.0785
250000. -30.00 90.0000 0.4854 -0.4390 0.1963 0.0661
250000. -30.00 105.0000 0.5296 -0.4823 0.2126 0.018
250000. -30.00 120.0000 0.5539 -0.2982 0.2422 0.0012
250000. -30.00 135.0000 0.5498 -0.4830 0.2(19 -0.0206
250000. -30.00 150.0000 0.5429 -0.2696 0.2691 -0.0%25
250000. -30.00 165.0000 0.5209 -0.436Y 0.2771 -0.0622
250000. -30.00 180.0000 0.4888 -0.39:6 0.2777 -0.0726
250000. -30.00 195.0000 0.5143 -0.3600 0.2671 -0.0738
250000. -30.00 210.0000 0.4312 -0.3258 0.2726 -0,07140
250000. -30.00 225.0000 0.4012 -0.2886 0.269 -0.0722
250000. -30.00 220.0000 0.3740 -0.2589 0.2605 -0.0707
250000. -30.00 255.0000 0.3473 -0.2264 0.2526 -0.0746
250000. -30.00 270.0000 0.3,20 -0.1783 0.2459 -0.0715
250000. -30.00 285.0000 0.2742 -0.1303 0.2364 -0.04S3
250000. -30.00 300.0000 0.2440 -0.1034 0.2211 -0.0011
250000. -30.00 315.0000 0.2346 -0.1173 0.1979 0.0458
250000. -30.00 330.0000 0.2454 -0.1566 0.1715 0.079
250000. -30.00 325.0000 0.2727 -0.2140 0.14160 0.0852
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H THTA PHI B y
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

250000. -20.00 (:. 0.3080 -0.2509 0.1636 0.0716
250000. -20.00 15.0000 0.3136 -0.2686 0.1569 0.0396
250000. -20.00 30.0000 0.3230 -0.2723 0.1698 0.0363
2500C0. -20.00 45.0000 0.3415 -0.2800 0.1925 0.0341
250000. -20.00 60.0000 0.3672 -0.2975 0.2098 0.0482
250000. -20.00 75.0000 0.4041 -0.3257 0.2319 0.0587
250000. -20.00 90.0000 0.4549 -0.3753 0.2527 0.0473
250000. -20.00 105.0000 ".4880 -0.3968 0.2835 0.0171
25000U. -2U.00 12u.0000 0.4940 -0.3878 0.3058 -0.0111
250000. -20.00 135.0000 0.4857 -0.3713 0.3121 -0.0259
250000. -20.00 150.0000 0.4738 -0.3513 0.3151 -0.0424
250000. -20.00 165.0000 0.4490 -0.3187 0.3114 -0.055,5
250000. -20.00 180.0000 0.4236 -0.2822 0.3088 -0.0667
250000. -20.00 195.0000 0.4054 -0.2510 0.3115 -0.0656
250000. -20.00 210.0000 0.3762 -0.2155 0.3018 -0.0637
250000. -20.00 225.0000 0.3530 -0.1881t 0.2920 -0.0622
250000. -20.00 240A000 0.3356 -0.1661 0.2856 -0.0588
250000. -20.00 255.0000 0.3154 -0.1380 0.2765 -0.0631
250000. -20.00 270.0000 0.2894 -0.0991 0.2654 -0.0580
250000. -20.00 285.0000 0.2644 -0.0606 0.2548 -0.0360
250000. -20.00 300.0000 0.2435 -0.0458 0.2388 0.0122
250000. -20.00 315.0000 0.2388 -0.0682 0.2210 0.0592
250000. -20.00 330.0000 0.2506 -0.1205 0.2011 0.0885
250000. -20.00 345.0000 0.2775 -0.1903 0.1775 0.0963

250000. -10.00 0. 0.3073 -0.2025 0.2209 0.0678
2500C -10.00 15.0000 0.3249 -0.2307 0.2256 0.0381
250000. -10.00 30.0000 0.3298 -0.2301 0.2352 0.0215
250000. -10.00 45.0000 0.3369 -0.2197 0.2548 0.0178
250000. -10.00 60.0000 0.3583 -0.2276 0.2716 0.0344
250000. -10.00 75.0000 0.3859 -0.2494 0.2914 0.0421
250000. -10.00 90.0000 0.4227 -0.2840 0.3116 0.0305
250000. -10.00 105.0000 0.4336 -0.2836 0.3280 -0.0016
250000. -10.00 120.0000 0.4312 -0.2564 0.3460 -0.0209
250000. -10.00 135.0000 0.4244 -0.2343 0.3530 -0.0251
250000. -10.00 150.0000 0.4123 -0.2179 0.3480 -0.0370
250000. -10.00 165.0000 0.3968 -0.1919 0.3434 -0.0519
250000. -10.00 180.0000 0.3771 -0.1566 0.3378 -0.0598
250000. -10.00 195.0000 0.3520 -0.1259 0.3237 -0.0570
250000. -10.00 210.0000 0.3349 -0.1018 0.3143 -0.0549
250000. -10.00 225.0000 0.3207 -0.0835 0.3052 -0.0522
250000. -10.00 240.0000 0.3078 -0.0655 0.2962 -0.0516
250000. -10.00 255.0000 0.3006 -0.0448 0.2922 -0.0546
250000. -10.00 270.0000 0.2928 -0.0099 0.2881 -0.0511
250000. -10.00 285.0000 0.2815 0.0252 0.2791 -0.0262
250000. -10.00 300.0000 0.2702 0.6360 0.2667 0.0238
250000. -10.00 315.0000 0.2566 0.0002 0.2472 0.0689
250000. -10.00 330.0000 0.2552 -0.0618 0.2274 0.0978
250000. -10.00 345.0000 0.2808 -0.1438 0.2190 O.1011
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H THRU PHI B BZ By Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

250000. 0.00 0. 0.3014 -0.1230 0.2685 0.0601
250000. 0.00 15.0000 0.3188 -0.1363 0.2866 0.0297
250000. 0.00 30.0000 0.3278 -0.1335 0.2992 0.0114
250000. 0.00 45.0000 0.3322 -0.1159 0.3113 0.0071
250000. 0.00 60.0000 0.3484 -0.1122 0.3292 0.0208
250000. 0.00 75.0000 0.3694 -0.1292 0.3448 0.0300
250000. 0.00 90.0000 0.3936 -0.1534 0.3620 0.0187
250000. 0.00 105.0000 0.4027 -0.1449 0.3756 -0.0096
250000. 0.00 120.0000 0.3889 -0.1139 0.3712 -0.0221
250000. 0.00 135.0000 0.3725 -0.0932 0.3601 -0.0210
250000. 0.00 150.0000 0.3599 -0.0806 0.3495 -0.0298
250000. 0.00 165.0000 0.3451 -0.0584 0.3367 -0.0479
250000. 0.00 180.0000 0.3322 -0.0255 0.3272 -0.0516
250000. 0.00 i95.0000 0.3291 -0.0001 0.3251 -0.0511
250000. 0.00 210.0000 0.3204 0.0116 0.3164 -0.0482
250000. 0.00 225.0000 0.3144 0.0263 0.3100 -0.0455
250000. 0.00 240.0000 0.3164 0.0386 0.3101 -0.0496
250000. 0.00 255.0000 0.3180 0.0620 0.3077 -0.0509
250000. 0.00 270.0000 0.3205 0.0965 0.3020 -0.0470
250000. 0.00 285.0000 0.3233 0.1324 0.2945 -0.0173
250000. 0.00 300.0000 0.3097 0.1335 0.2775 0.0330
250000. 0.00 315.0000 0.2936 0;0'907 0.2683 0.0774
250000. 0.00 330.0000 0.2830 0.0176 0.2621 0.1051
250000. 0.00 345.0000 0.2834 -0.0685 0.2569 0.0982

250U0. 10.00 0. 0.3101 -0.0080 0.3064 0.0472
250000. 10.00 15.0000 0.3213 -0.0099 0.3205 0.0211
250000. 10.00 30.0000 0.3328 0.0018 0.3327 0.0040
250000. 10.00 45.0000 0.3409 0.0167 0.3405 0.0002
250000. 10.00 60.0000 0.3549 0.0282 0.3536 0.0085
250000. 10.00 75.0000 0.3731 0.0180 0.3722 0.0189
250000. 10.00 90.0000 0.3886 0.0053 0.3884 0.0110
250000. 10.00 105.0000 0.3847 0.0121 0.3845 -0.0087
250000. 10.00 120.0000 0.3762 0.0305 0.37147 -0.0131
250000. 10.00 135.0000 0.3609 0.0400 0.3584 -0.0118
250000. 10.00 150.0000 0.3409 0.0441 0.3374 -0.0203
250000. 10.00 165.0000 0.3311 0.0610 0.3231 -0.0397
250000. 10.00 180.0000 0.3229 0o0849 0.3083 -0.0453
250000. 10.00 195.0000 0.3193 0.1070 0.2969 -0.0487
250000. 10.00 210.0000 0.3264 0.1230 0.2986 -0.0473
250000. 10.00 225.0000 0.3362 0.1359 0.3037 -0.0483
250000. 10.00 2%0.0000 0.3468 0.1558 0.058 -0.0500
250000. 10.00 255.0000 0.3591 0.1804 0.3063 -0.0503
250000. 10.00 270.0000 0.3741 0.2152 0.3029 -0.0434
250000. 10.00 285.0000 0z3811 0.2481 0.289i -0.0069
250000. 10.00 300.0000 0.3657 0.2376 0.2748 O.O420
250000. 10.00 315.0000 0.3404 0.1936 0.2681 0.0806
250000. 10.00 330.0000 0.3147 0.1188 0.2709 0.1072
250000. 10.00 345.0000 0.3022 0.0282 0.2863 0.0927
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H THETA PHI B br Tw E
(feet) (degrees) (degroes) (oersteds) (oersteds) (oersteds) (oersteds)

250000. 20.00 0. 0.3394 0.1230 0.3140 0.0388
250000. 20.00 15.0000 0.3460 0.1259 0.3214 0.0176
250000. 20.00 30.0000 0.3586 0.11414 0.3295 -0.0038
250000. 20.00 45.0000 0.3738 0.1578 0.3380 -0.0077
250000. 20.00 60.0000 0.3927 0.1749 0.3516 -0.0008
250000. 20.00 75.0000 0.4094 0.1777 0.3688 0.0059
250000. 20.00 90.0000 0.4188 0.1747 0.3806 0.0066
250000. 20.00 105.0000 0.4169 0.1702 0.3806 -0.0022
250000. 20.00 120.0000 0.4061 0.1793 0.36U4 -0.0007
250000. 20.00 135.0000 0.3784 0.1680 0.3390 0.0044
250000. 20.00 150.0000 0.3522 0.1521 0.3176 -0.0065
250000. 20.00 165.0000 0.3322 0.1552 0.2924 -0.0284
250000. 20.00 180.0000 0.3321 0.1751 0.2792 -0.0405
250000. 20.00 195.0000 0.3434 0.1974 0.2765 -0.0497
250000. 20.00 210.0000 0.3551 0.2171 0.2760 -0.0527
250000. 20.00 225.0000 0.3763 0.2419 0.2831 -0.0542
250000. 20.00 240.0000 0.4008 0.2692 0.2917 -0.0556
250000. 20.00 255.0000 0.4225 0.2996 0.2932 -0.0525
250000. 20.00 270.0000 0.4408 0.3370 0.2819 -0.0354
250000. 20.00 285.0000 0.4427 0.3564 0.2625 0.005
250000. 20.00 300.0000 0.4207 0.3343 0.2503 0.0501
250000. 20.00 315.0000 0.3860 0.2824 0.2497 0.0829
250000. 20.00 330.0000 0.3556 0.158 0.2638 0.1015
250000. 20.00 345.0000 0.3384 0.1490 0.2939 0.0773

250000. 30.00 0. 0.3835 0.2533 0.2863 0.0306
250000. 30.00 15.0000 0.3887 0.2525 0.2952 0.0154
250000. 10.00 30.0000 0.4013 0.2682 0.2984 -0.0084
250000. 30.00 45.0000 0.4208 0.2893 0.3052 -0.0158
250000. 30.00 60.0000 0.4429 0.3120 0.3142 -0.0110
250000. 30.00 75.0000 0.4559 0.3209 0.3238 -0.0037
250000. 30.00 90.0000 0.4664 0.3232 0.3362 0.0011
250000. 30.00 105.0000 0.4674 0.3218 0.3390 0.0028
250000. 30.00 120.0000 0.4534 0.3136 0.3272 0.0135
250000. 30.00 135.0000 0.4283 0.2886 0.3159 0.0196
250000. 30.00 150.0000 0.3942 0.2597 0.2964 0.0097
250000. 30.00 165.0000 0.3694 0.;429 0.2780 -0.0130
250000. 30.00 180.0000 0.3604 0.2492 0.2578 -0.0365
250000. 30.00 195.0000 0.3745 0.2738 0.2502 -0.0521
250000. 30.00 210.0000 0.3962 0.3010 0.2507 -0.0594
250000. 30.00 225.0000 0.4269 0.3370 0.2536 -0.0657
250000. 30.00 240.0000 0.4576 0.3753 0.2543 -0.0618
250000. 30.00 255.0000 0.4879 0.4145 0.2519 -0.0523
250000. 30.00 270.0000 0.5029 0.4415 0.2395 -0.0249
250000. 30.00 285.0000 0.4991 0.4458 0.2237 0.0166
250000. 30.00 300.0000 0.4747 0.4179 0.2175 0.0579
250000. 30.00 315.0000 0.4384 0.3678 0.2234 0.0836
250000. 30.00 330.0000 0.3974 0.30214 0.2425 0.0873
250000. 30.00. 345.0000 0.3868 0.2667 0.2721 0.0664
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H THETA PHI B Bz B B
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

250000. 40.00 0. 0.4189 0.3451 0.235? 0.0283
250000. 40.00 15.0000 0.4238 0.3478 0.2419 0.0093
250000. 40.00 30.0000 0.4405 0.3646 0.2470 -0.0098
250000. 40.00 45.0000 0.4577 0.3847 0.2468 -0.0226
250000. 40.00 60.0000 0.4834 0.4112 0.2531 -0.0216
250000. 40.00 75.0000 0.5042 0.4284 0.2656 -0.0139
250000. 40.00 90.0000 0.5217 0.4431 0.2753 -0.0097
250000. 40.00 105.0000 0.5314 0.4491 0.2839 0.0063
250000. 40.00 120.0000 0.5156 0.4314 0.2814 0.0231
250000. 40.00 135.0000 0.4810 0.3961 0.2708 0.0345
250000. 40.00 150.0000 0.4377 0.3506 0.2609 0.0245
250000. 40.00 165.0000 0.4125 0.3276 0.2506 -0.0014
250000. 40.00 130.0000 0.4045 0.3234 0.2408 -0.0321
250000. 40.00 195.0000 0.4222 0.3494 0.2310 -0.0523
250000. 4.O0 210.0000 0.4467 0.3001 0.2248 -0.0672
250000. 40.00 225.0000 0.4797 0.4206 0.2192 -0.0720
250000, 40.00 240.0000 0.5133 0.4631 0.2111 -0.0665
250000. 40.00 255.0000 0.5440 0.5043 0.1979 -0.0492
250000. 40.00 270.0000 0.5560 0.5257 0.1805 -0.0136
250000. 40.00 285.0000 0.5443 0.5165 0.1699 0.0259
250000. 40.00 300.0000 0.5131 0.4803 0.1685 0.0650
250000. 40.00 315.0000 0.4797 0.4358 0.1843 0.0786
250000. 40.00 330.0000 0.4487 0.3895 0.2106 0.0723
250000. 40.00 345.0000 0.4367 0.3678 0.2266 0.0641

250000. 50.00 0. 0.4533 0.411% C.1884 0.02t4
250000. 50.00 15.0000 0.4594 0.4157 0.1956 0.0056
250000. 50.00 30.0000 0.4688 0M4269 0.1933 -0.0121
250000. 50.00 45.0000 0.4896 0.4485 0.1943 -0.0271
250000. 50.00 60.0000 0.5171 0.4789 0.1922 -0.0329
250000. 50.00 75.0000 0.5409 0.5035 0.196. -0.0246
250000. 50.00 90.0000 0.5604 0.5219 0.2035 -0.0184
250000. 50.00 105.0000 0.5684 0.5314 0.2016 0.0053
250000. 50.00 120.0000 0.5577 0.5168 0.2083 0.0244
250000. 50.00 135.0000 0.5354 0.4851 0.2231 0.0398
250000. 50.00 150.0000 0.5003 0.4419 0.2326 0.0307
250000. 50.00 165.0000 0.47?1 0.4188 0.2325 0.0075
250000. 50.00 180.0000 0.4609 0.4056 0.2178 -0.0223
250000. 50.00 195.0000 0.4682 0.4207 0.1993 -0.0495
250000. 50.00 210.0000 0.4900 0.4490 0.1833 -0.0703
250000. 50.00 225.0000 0.5260 0.4924 0.1695 -0.0735
250000. 50.00 210.0000 0.5561 0.5309 0.1524 -0.0648
250000. 50.00 255.0000 0.5763 0.5603 0.1302 -0.0358
250000. 50.00 270.0000 0.5728 0.5620 0.1104 -0.0020
250000. 50.00 285.0000 0.5640 0.5531 0.1058 0.0310
250000. 50.00 300.0000 05397 0.5220 0.1219 0.0633
250000. 50.00 315.0000 0.5080 0.4837 0.1367 0.0738
250000. 50.00 330.0000 0.4780 0.4477 0.1519 0.0706
250000. 50.00 345.0000 0.4575 0.4214 0.1698 0.0540
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H THETA PHI B Bz By PX
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

250000. 60.00 0. 0.4781 0.4560 0.111 0.0236
250000. 60.00 15.0000 0.4836 0.4614 0.1449 0.0048
250000. 60.00 30.0000 0.4918 0.4700 0.1444 -0.0127
250000. 60.00 45.0000 0.5060 0.4868 0.1355 -0.0262
250000. 60.00 60.0000 0.5209 0.5036 0.1280 -0.0366
250000. 60.00 75.0000 0.5539 0.5371 0.1280 -0.0O40
25000%, 60.00 90.0000 0.5878 0.5723 0.1313 -0.0268
250000. 60.00 105.0000 0.5929 0.5758 0.11411 -0.0008
250000. 60.00 120.0000 0.5938 0.5735 0.1533 0.0143
250000. 60.00 135.0000 0.5789 0.5550 0.1602 0.0371
250000. 60.00 150.0000 0.5446 0.5175 0.1668 0.0311
250000. 60.00 165.0000 0.5262 0.4975 0.1707 0.0127
250000. 60.00 180.0000 0.5096 0.4791 0.1732 -0.012H
250000. 60.00 195.0000 0.514 0.4859 0.1634 -0.0436
250000. 60.00 210.0000 0.5310 0.5072 0.14141 -0.0626
250000. 60.00 225.0000 0.5562 0.5398 0.1163 -0.0669
250000. 60.00 240.0000 0.5749 0.5654 0.0905 -0.0518
250000. 60.00 255.0000 0.5847 0.5796 0.0729 -0.0228
250000. 60.00 270.OOOC 0.5722 0.5683 0.0652 0.0138
250000. 60.00 285.0000 0.5522 0.5476 0.0624 0.0330
250000. 60.00 300.0000 0.5462 0.5389 0.0704 0.0542
250000. 60.00 315.0000 0.5212 0.5080 0.0904 0.0135
250000. 60.00 330.0000 0.4924 0.4749 0.1134 0.0640
250000. 60.00 315.0000 0.4814 0.4607 0.1322 0.0454

250000. 70.00 0. 0.5003 0.4890 0.1033 0.0218
250000. 70.00 15.0000 0.5037 0.4922 0.1071 0.0057
250000. 70.00 30.0000 0.5066 0.4955 0.1051 -0.0075
250000. 70.00 45.0000 0.5097 0.4993 0.1002 -0.0225
250000. 70.00 60.0000 0.5230 0.5132 0.0922 -0.0408
250000. 70.00 75.0000 0.5503 0.51423 0.0791 -0.0504
253000. 70.00 90.0000 0.5789 0.5734 0.0686 -0.0415
250000. 70.00 i05.0000 0.6006 0.5963 0.0679 -0.0226
250000. 70.00 120.0000 0.6110 0.6065 0.0742 0.0036
250000. 70.00 135.0000 0.5986 0.5911 0.0900 0.0277
250000. 70.00 150.0000 0.5742 0.5631 0.1090 0.0267
250000. 70.00 165.0000 0.5593 0.5467 0.111'7 0.0091
250000. 70.00 180.0000 0.5523 0.5399 0.1159 -0.0106
250000. 70.00 195.0000 0.5503 0.5397 0.1033 -0.0299
250000. 70.00 210.0000 0.5538 0.5458 0.0832 -0.0432
250000. 70.00 225.0000 0.5622 0.5570 0.0607 -0.0465
250003. 70.00 240.0000 0.5732 0.5705 0.0403 -0.0375
250000. 70.00 255.0000 0.5823 0.5816 0.0256 -0.0144
250000. 70.00 270.0000 0.5786 0.5779 0.0227 0.0178
250000. 70.00 285.0000 0.5620 0.5597 0.0299 0.0413
250000. 70.00 300.0000 0.543 0.5399 0.0404 0.0561
250000. 70.00 315.0000 0.5246 0.5175 0.0579 0.0635
250000. 70.00 330.0000 0.5076 0.4986 0.0777 0.0551
250000. 70.00 345.0000 0.5006 0.4904 0.0928 0.0392
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H THETA FRI B Be By Bx
(feet) (degreps) (degreea (oersteds) (oersteds) (oersteds) (oersteds)

250000. 80.00 0. 0.5212 0.5162 0.0699 0.0191

250000. 80.00 15.0000 0.5234 0.5182 0.0736 0.005,

250000. 80.00 30.0000 0.5266 0.5214 0.0739 -0.0083

250000. 80.00 45.0000 0.5315 0.5264 0.0701 -0.0220

250000. 80.00 60.0000 0.5393 0.5347 0.0612 -O.034

250000. 80.00 75.0000 0.5503 0.5466 0.080 -O.0'13
250000. 80.00 90.0000 0.5626 0.5601 0.0339 -0.0401
250000. 80.00 105.0000 0.5736 0.5723 0.0232 -0.0308
250000. 80.00 120.000 0.5805 0.5799 0.0193 -0.0168
250000. 80.00 135.0000 0.5817 0.5812 0.0231 -0.0037
250000. 80.00 150.0000 0.5781 0.5772 0.0310 0.0028
250000. 80.00 165.0000 0.5720 0.5707 0.0379 0.0016
250000. 80.00 180.0000 0.5656 0.5642 0.0402 -0.000.9
250000. 80.00 195.0000 0.5609 0.5596 0.0366 -0.0133
250000. 80.00 21C.0000 0.5590 0.5580 0.0272 -0.0195
250000. 80.00 225.0000 0.5593 0.5588 0.0i11 -0.0195
250000. 80.00 240.0000 0.5600 0.5598 0.0011 -0.011

250000. 80.00 255.0000 0.5586 0.5585 -0.0072 0.0038
250000. 80.00 270.0000 0c5541 0.5537 -0.0075 0.0217
256000. 80.00 285.0000 0.5470 0.51457 0.0006 0.0375
250000. 80.00 300.0000 0.5386 0.5363 0.0148 0.0.74
250000. 80.00 315.0000 0.5303 0.5270 0.0321 0.0497
250000. 80.00 330.0000 0.5210 0.5199 0.0489 0.0 1

250000. 80.00 345.0000 0.5210 0.5163 0.0619 0.0327

250000. 90.00 0. 0.5502 0.5493 0 0
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H THTA m BB By Bc
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

500000. -90.00 0. 0.5265 -0.5088 0 0

500000. -80.00 0. 0.4877 -0.4635 0.1330 0.0730
500000. -80.00 15.0000 0.4942 -0.4724 0.1118 0.0925
500000. -80.00 30.0000 0.5008 -0.4820 0.0666 0.1050
500000. -80.00 45.0000 0.5068 -0.49G6 0.0606 0.1117
500000. -80.00 60.0000 0.5132 -0.4990 0.034! 0.1152
500000. -80.00 75.0000 0.5219 -0.5089 0.0064 0.1152
500000. -80.00 90.0000 0.5329 -0.5212 -0.0223 0.1088
500000. -80.00 105.0000 0.5457 -0.5352 -0.0477 0.091;0
500000. -80.00 120.0000 0.5608 -0.5515 -0.0677 0.0758
500000. -80.00 135.0000 0.5793 -0.5710 -0.0336 0.0512
500000. -dO.00 150.0000 0.5985 -0.5906 -0.0957 0.0160
500000. -80.00 165.0000 0.6110 -0.6021 -0.0998 -0.0293
500000. -80.00 180.0000 0.6093 -0.5972 -0.0896 -0.0807
500000. -80.00 195.0000 0.5918 -0.5751 -0.0633 -0.1243
500000. -80.00 210.0000 0.5638 -05429 -0.0260 -0.1497
500000. -80.00 225.0000 0.5340 -0.3107 0.0151 -0.1552
500000. -80.00 240.0000 0.5093 -0.4851 0.0542 -0.1453
500000. -80.00 255.0000 0.4923 -0.4676 0.0887 -0.1259
500000. -80.00 2T0.00GO 0.4819 -0.456% 0.117% -0.1005
500000. -80.00 285.0000 0.4763 -0.4500 0.1388 -0.0708
500000. -80.00 300.0000 0.4744 -0.4478 0.1511 -0.0391
500000. -80.00 315.0000 0.4754 -0.4488 0.1567 -0.0084
500000. -80.00 330.0000 0.4781 -0.4517 0.1554 0.0201
500000. -80.00 345.0000 0.%822 -0.4565 J.1478 0.0482

500000. -70.00 0. 0.4236 -0.3852 0.1620 0.0698
500000. -70.00 15.0000 0.4402 -0.4050 0.1161 0.0919
500000. -70.00 "^ 0000 0.4639 -0.4343 0.1249 0..1046
5GOU00. -70.00 100 0.4801 -0.4579 0.1004 0.1040
500000. -70.00 ,000 0.4883 -0.4701 0.0780 0.1064
500000. -70.00 Th.0000 0.5102 -0.4935 0.0530 0.1181
500000. -70.00 90.0000 0.5489 -0.5357 0.0223 O.1112
500000. -70.00 105.0000 0.5818 -0.5744 -0.0063 0.0928
500000. -70.00 120.0000 0.5969 -0.5936 -0.0231 0.0584
500000. -70.CO 135.0000 0.6027 -0.6014 -0.0243 0.0312
500000. -70.00 150.0000 0.6180 -0.6177 -0.0176 0.0118
500000. -70.00 165.0000 0.6440 -0.6436 -0.0109 -0.0211
500000. -70.00 180.0000 0.6540 -0.6500 0.0038 -0.0720
500000. -70.00 195.0000 0.6366 -0.6262 0.0262 -0.1118
500000. -70.00 210,0000 0.6046 -0.5882 0.0454 -0.1323
500000. -70.00 225.0000 0.5642 -0.5427 0.0631 -0.11.07
500000. -70.00 240.0000 0.5216 -0.4958 0.0847 -0.1180
500000. -70.00 255.0000 0.4853 -0.4551 0.1117 -0.1264
500000. -70.00 270.000C 0.4560 -0.4204 0.1413 -0.1061
500000. -70.00 285.0000 0.4357 -0.3957 0.1672 -0.0728
500000. -70.00 300.0000 0.4304 -0.3885 0.1819 -0.0358
500000. -70.00 315.0000 0.4302 -0.3876 0.1864 -0.0082
500000. -70.00 330.0000 0.4239 -0.381% 0.1845 0.0158
500000. -70.00 345.0000 0.4107 -0.3776 0.1757 0.0433

ASD-TDU--62-347 192



H THETA PHI B BFs B,
(feet) (degze ) (degrees) (oersteds) (otsteds) (oersteds) (oerstads)

500000. -60.00 0. 0.3600 -0.3194 0.1518 3.0675
500000. -60.00 15.0000 0.3702 -0.3342 0.1395 0.0770
500000. -60.00 30.0000 0.3926 -0.3578 0.1333 0.0911
500000. -60.00 %cp0000 0.4253 -0.3943 0.1240 0.1001
500000. -60.00 60.0000 0.4533 -0.4288 0.1048 0.1031
500000. -60.00 75.0000 0.4848 -0.4646 0.0860 0.1086
500000. -60.00 90.0000 0.5255 -0.5094 0.0742 0.1055
500000. -60.00 105.0000 0.5685 -0.5579 0.0622 0.0896
500000. -60.00 120.0000 0.6020 -0.5971 0.0506 0.0548
500000. -60.00 135.0000 0.6202 -0.6181 0.0%62 0.0202
500000. -60.00 150.0000 0.6336 -0.6310 0.0571 -0.0066
500000. -60.00 165.0000 0.6563 -0.6505 0.0789 -0.0370
500000. -60.00 180.0000 0.6458 -0.6310 0.1050 -0.0887
500000. -60.00 195.0000 0.5987 -0.5741 0.1289 -0.1103
500000. -60.00 210.0000 0.5596 -0.5287 0.1%70 -0.1099
500000. -60.00 225.0000 0.5323 -0.%989 0.1537 -0.1037
500000. -60.00 240.0000 0.5098 -0.4744 0.1522 -0.1083
500000. -60.00 255.0000 0.4753 -0.4323 0.1612 -0.1142
530000. -60.00 270.0000 0.4346 -0.3826 0.1774 -0.1049
500000. -60.00 285.0000 0.3960 -0.3352 0.1958 -0.0783
500000. -60.00 300.0000 0.3725 -0.3057 0.2095 -0.0383
500000. -60.00 315.0000 0.3592 -0.2927 0.2082 -0.0001
500000. -60.00 330.0000 0.3509 -0.2933 0.190% 0.0300
500000. -60.00 345.0000 0.3504 -0.3018 0.1700 0.0529

500000. -50.CO 0. 0.3117 -0.2714 0.1374 0.0677
500000. -50.00 15.0000 0.3300 -0.2964 0.1267 0.0707
500000. -50.00 30.0000 0.3521 -0.3213 0.124 0.0726
500000. -50.00 %5.0000 0.3773 -0.3459 0.1253 0.0834
500000. -50.00 60.0000 0.4135 -0.3837 0.1219 0.0945
500000. -50.00 75.0000 0.4572 -0.4325 0.1037 0.1009
500000. -50.00 90.0000 0.5005 -0.4825 0.0954 0.0928
500000. -50.00 105.OOrO 0.5504 -0,5372 0.0915 0.0779
500000. -50.00 120.0000 0.5887 -0.5790 0.0985 0.0390
500000. -50.00 135.0000 0.6082 -0.5976 0.1132 0.004
500000. -50.00 150.0000 0.6009 -0.5837 0.1382 -0.0358
500000. -50.00 165.0000 0.5916 -0.5666 0.1619 -0.0522
500000. -50.00 180.0000 0.5724 -0.5393 0.1739 -0.0809
500000. -50.00 195.0000 0.5407 -0.5028 0.1760 -0.0927
500000. -50.00 210.0000 0.5009 -0.4590 0.1764 -0.0954
500000. -50.00 225.0000 0.4707 -0.4252 0.1823 -0.0868
500000. -50.00 210,0000 0.4573 -0.4048 0.1928 -0.0897
500000. -50.00 255.0000 0.4268 -0.364 0.1986 -0.0997
5CO00. -50.00 270.0000 0.3860 -0.3119 0.2068 -0.09%6
500000. -50.00 285.0000 0.3423 -0.2560 0.2152 -0.0728
500000. -S0.00 300.0000 0.3032 -0.2201 0.2139 -0.0274
500000. -50.00 315.0000 0.2930 -0.2153 0.1980 0.0172
500000. -50.00 330.0000 0.2947 -0.2311 0.j771 0.0454
500000. -50.00 345.0000 0.2988 -0.2486 0.1539 0.0613

AS.?-3.62-3h? 193



H THE HII B BZ Ebr RX
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (ocratedv)

50000O. -40.00 C. C.2845 -0.2474 0.1235 0.0673
!00000. -40.O 15.0300 G.3058 -0.2741 0.1225 0.0582
500000. -40.00 30.0000 0.3187 -0.2857 0.1284 0.0590
500000. -140.00 45.0000 G.3453 -0.3123 0.1301 0.0689
500000. -40.00 60.0000 0.3839 -0.3492 0.'369 0.0819
500000. -40.00 75.0000 0.4408 -0.4080 0.1397 0.0915
500000. -40.00 90.0000 0.4960 -0.4684 0.1413 0.0815
500000. -40.00 105.0000 0.5402 -0.5159 0.1500 0.0561
500000. -40.00 120.0000 0.5696 --0.5451 0.1638 0.0215
50000u. -40.00 135.0000 0.5803 -0.5513 0.1809 -0.0109
500000. -40.00 150-0000 0.5641 -0.5302 0.1879 -O.O4zG
500000. -40.00 i65.0000 C.5494 -0.509! 0.1983 -0.057j
500000. -40.00 180.0000 0.5238 -0.4730 0.2113 -0.0775
500000. -40.00 195.0000 0.4854 -0.4247 0.2203 -0.1819
500000. -40.00 210.0000 0.4610 -0.3985 0.2181 -0.L770
500000. -40.00 225.0000 0.4370 -0.3682 0.2215 -0.0796
500000. -40.00 240.0000 0.4111 -0.3342 0.2253 -0.0808
500000. -40.00 255.0000 0.3805 -0.2946 0.2251 -0.0854
500000. -40.00 270.0000 0.3388 -0.2419 0.2224 -0.0823
500000. -40.00 285,,0000 0.2927 -0.1877 0.2164 -0.0600
500000. -40.00 300.0000 0.2582 -0.1533 0.2073 -0.0142
500000. -40.00 315.0000 0.2502 -0.1568 0.1925 0.0308
500000. -40.CO 330.0000 0.2554 -0.1818 0.1686 0.0612
500000. -40O0 345.0000 0.2690 -0.2181 0.1403 0.0714

500000. -30.00 0. 0.2836 -0.2463 0.1241 0.C661
500000. -30.00 15.0000 0.2898 -0.2574 0.1254 0.0448
500000. -30.00 30.0000 0.3050 -0.2705 0.13I 0.0520
500000. -30.00 45.0000 0.3339 -0.2965 0.1456 0.0489
500000. -30.00 60.0000 0.3641 -0.3197 0.1617 0.0650
500000. -30.00 75.0000 0.4155 -0.3681 0.1778 0.0746
500000. -30.00 90.0000 0.4682 -0.4230 0.1907 0.0630
500000. -30.00 105.0000 0.5099 -0.4638 0.2082 0.0393
500000. -30.00 120.0000 0.5325 -0.4786 0.2334 0.0017
500000. -30.00 135.0000 0.5293 -0.4653 0.2516 -0.0198
500000. -30.00 150.0000 0.5220 -0.4516 0.2586 -0.0409
500000. -30.00 165.0000 0.5011 -0.4205 0.2660 -0.0595
500000. -30.00 180.0000 C.4708 -0.3815 0.2669 -0.0698
500000. -30.00 195.0000 ..4383 -0.3467 0.2584 -0.0712
500000. -30.00 210.0000 ;.4153 -0.3138 0.2625 -0.0713
500000. -30.00 225.0000 0.3872 -0.2787 3.2597 -0.0697
500000. -30.00 240.0000 0.3611 -0.2-9? 0.2518 -0.0683
500000. -30.00 255.0000 0.3352 -0.2177 0.2446 -0.0717
500000. -30.ON 270.0000 0.3015 -0.1719 0.2382 -0.0681
500000. -30.00 285.0000 0.2657 -0.1265 0.2291 -0.0455
500000. -30.00 300.0000 0.2374 -0.1013 0.217 -0.0008
500000. -30.00 315.0000 0.2286 -0.1143 0.1931 0.0439
500000. -30.00 33C.0000 0.2389 -0.1520 0.1680 0.0757
500000. -30.00 345.0000 0.2642 -0-2062 0.1435 0.0816
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H Ti PI B Bz By Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oarsteds)

500000. -20.00 0. 0.2961 -0.2394 0.1602 0.0697
00000. -20.00 15.0000 0.3026 -0.2572 0.1545 0.0393

500000. -20.00 30.0000 0.3121 -0.2616 0.1665 0.0353
500000. -20.00 45.0000 0.3300 -0.2695 0.1876 0.0335
500000. -20.00 60.0000 0.3548 -0.2862 0.2044 0.0464
500000. -20.00 75.0000 0.3906 -0O3;43 0.2250 0.0560
500000. -20.00 90.0000 0.4380 -0.3606 0.2446 0.0451
500000. -20.00 105,0000 0.4690 -0,3811 0.2728 0.0165
500000. -20.00 120.0000 0.4753 -0.3733 0.2940 -0.0103
500000. -20.00 135.0000 0.4678 -0.3575 0.300? -0.0247
500000. -20.00 150.0000 0.4563 -0.3383 0.3035 -0.0406
500000. -20.00 165.0000 0.4332 -0.3075 0.3004 -0.0537
500000. -20.00 180.0000 0.4088 -0.2724 0.2980 -0.064
510000. -20.00 195.0000 0.3900 -0.2417 0.2994 -0.0634
500000. -20.00 21(i.0000 0.3629 -0.2081 0.2908 -0.0617
500000. -20.00 225.0000 0.3407 -0.1818 0.2818 -0.0600
500000. -20.00 240.0000 0.3235 -0.1597 0.2755 -0.0571
500000. -20.00 255.0000 0.3042 -0.1325 0.2670 -0.0608
5C000. -20.00 270.0000 0.2797 -0.0957 0.2569 -0.0556
50000C. -20.00 285.0000 0.2560 -0.0584 0.2469 -0.0339
500000. -20.00 300.0000 0.2363 -0.0442 0.2318 0.0118
500000. -20.00 315.0000 0.2313 -0.0659 0.2144 0.0565
500000. -20.00 330.0000 0.2422 -0.1158 0.1951 0.0847
500000. -20.00 345.0000 0.2677 -0.1823 0.1732 0.0918

500000. -10.00 0. 0.2951 -0.1926 0.2137 0.0654
500000. -10.CO 15.0000 0.3116 -0.2191 0.2184 0.0371
500000. -10.00 30.0000 0.3170 -0.2193 0.227V 0.0213
500000. -10.00 45.0000 0.3246 -0.2104 0.2464 0.0182
500000. -10.00 60.0000 0.3449 -0.2180 0.2651 0.0330
500000. -10.00 75.0000 0.3716 -0.2392 0.2815 0.0403
500000. -10.00 90.0000 0.4061 -0.2715 0.3006 0.029!
500000. -10.00 105.0000 0.4175 -0.2720 0.3167 -0.0008
500000. -10.00 120.0000 0.24153 -0.2473 0.3331 -0.0194
530000. -10.00 135.0000 0.4085 -0.2265 0.3392 -0.0242
500000. -10.00 150.0000 0.3967 -0.2103 0.3345 -0.0356
500000. -10.00 165.0000 0.3816 -0.1852 0.3298 -0.0499
500000. -10.00 180.0000 0.3627 -0.1515 0.3245 -0.0574
500000. -10.00 195.0000 0.3397 -0.1220 0.3122 -0.0553
500000. -10.00 210.0000 0.3233 -0.09e5 0.3033 -0.0532
500000. --10.00 225.0000 0.3096 -0.0803 0.294r -0.0507
500000. -10.00 240.0000 0.2975 -0.0626 0.2865 -0.0502
500000. -10.00 255.0000 0.2903 -0.0419 0.2824 -0.0527
500000. -10.00 270.0000 0.2825 -O.QO84 0.2781 -C.0487
500000. -10.00 285.0000 0.2717 0.P249 0.2695 -0.0246
500000. -10.00 300.0000 0.2606 0.0346 0.2573 0.0228
500000. -10.00 315.0000 0,2480 0.0008 0.2391 0.0660
500000. -10.00 330.0000 0.2469 -0.0588 0.2208 0.0915
500000. -10.00 345.0000 0.2700 -0.1363 0.2123 0.0962
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H THETA PI B Bz By
(feet) (degrees) (degrees) (oersteds) (oereteds) (oersteds) (oersteds)

500000. 0.00 0. 0.2896 -0.1154 0.2592 0.0581
500000. 0.00 15.0000 0.3058 -0.1289 0.2758 0.0292
500000. 0.00 30.0000 0.3146 -0.1265 0.2818 0.0118
500000. 0.00 45.0000 0.3195 -0.1107 0.2996 0.0077
500000. 0000 60.0000 0.3349 -0.1075 0.3165 0.0202
500000. 0.60 75.0000 0.3553 -0.1236 0.3319 0.0286
500000. 0.00 90.0000 0.3781 -0.1460 0.3483 0.0179
500000 0.00 105.0000 0.3864 -0.138e 0.3606 -0.0084
500000. 0.00 120.0000 0.3744 -0.1103 0.3572 -0.0205
500000. 0.00 135.0000 0.5594 -0.0908 0.3471 -0.0202
500000. 0.00 150.0000 0.3472 -0.0786 0.3370 -0.0289
500000. 0.00 165.0000 0.3332 -0.0571 0.3251 -0-0458
500000. 0.00 180.0000 0.3209 -0.0260 0.3159 -0.0499
500000. 0.00 195.0000 0.3167 -0.0014 0.3128 -0.0496
500000. 0.00 210.0000 0.3088 0.0136 0.3049 -0.0469
500000. 0 00 225.0000 0.3036 0.0256 0.2992 -0.0441
500000. 0,,00 240.0000 0.3052 0.0384 0.2989 -0.0481
500000. 0.00 255.0000 0.3067 0.0612 0.2965 -0.0491
500000. 0.00 270.0000 0.3092 0.0942 0.2911 -0.04'7
500000. U.00 285.0000 0.3114 0.1278 0.2835 -0.0161
500000. 0.00 300.0000 0.2987 0.1285 0.2673 0.0317
500000. 0.00 315.0000 0.2830 0.0878 0.2587 0.0739
500000. 0.00 330.0000 0.2722 0.0182 0.2525 0.1001
500000. 0.00 345.0000 0.2729 -0.0635 0.2483 0.0937

500000. 10.00 0. 0.2981 -0.0055 0.294 0.0463
500000. 10.00 15.0000 0.3088 -0.0081 0.3079 0.0211
500000. 10.00 30.0000 0.3195 0.0024 0.3194 0.0046
500000, 10.00 45.0000 0.3278 0.0165 0.3274 0.0008
50000. 10.00 60.0000 0.3413 0.0269 0.3402 0.0086
500000. 10.00 75.0000 0.3586 0.0176 0.3571 0.0179
500000. 10.00 90.0000 0.3731 0.0057 0.3729 0.0105
500000. 10.00 105.0000 0.3704 0.0119 0.3702 -0.0077
500000. 10.00 120.0000 0.3623 0.0290 0.3609 -0.0123
500000. 10.00 135.0000 0.3476 0.0379 0.3453 -0.0114
500000. 10.00 150.0000 0.3290 0.0417 0.3258 -0.0198
500000. 10.00 165.0000 0.3192 0.0577 0.3116 -0.0380
500000. 10.00 180.0000 0.3117 0.0808 0.2978 -0.0439
500000. 10.00 195.0000 0.3089 0.1023 0.2876 -0.0472
500000. 10.00 210.0000 0.3152 0.1182 0.288 -0.0459
500000. 10.00 225.0000 0.3244 0.1315 0.2928 0.046Q
500000. 10.00 240.0000 0.3347 0.1508 0.2949 -0.0486500000. 10.00 255.0000 0.3465 0.178 0.2952 -0.0486
500000. 10.00 270.0000 0.3605 0.2082 0.291 -0.041
500000. 10.00 285.0000 0.3666 0.2386 0.2782 -0.0063
500000. 10.00 300.0000 0.3520 0.2286 0.2647 0.002
500000. 10.00 315.0000 0.3277 0.1862 0.2584 0.0772
500000 10.00 330.0000 0.3032 0.1150 0.2614 0.1019

500000. 10.00 345.0000 0.2910 0M0301 0.2756 0.0883
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(feet) (degrees) (degreesl (oersteds) (oersteds) (oersteds) (oersteds)

500000. 20.00 C. 0.3267 0.1201 0.3014 0.0383
500000. 20.00 15.0000 0.3330 0.1218 0.3094 0.0173
S00000. 20.00 JC.0000 C.3448 0.1359 0.3168 -0.0026
500000. 20.00 45.0000 0.3594 0.1518 0.3251 -0.0066
S00000. 20.00 60.0000 0.3771 0.1676 0.3378 -0.0005
t00000. 20.00 75.0000 0.3928 0.1703 0.3540 0.0058
500000. 20.00 90.0000 0.4018 0.1673 0.$653 0.0062
500000. 20.00 105.0000 0.4003 0.1637 0.1653 -0.0019
500000. 20.00 120.0000 0.3902 0.1715 0.3505 -0,00C8
500000. 20.00 135.0000 0.3650 0.1613 0.3274 0.0035
500000. 20.00 150.0000 0.3404 0.1470 0.3070 -0.0068
500000. 20.00 165.0000 0.3221 0.1500 0.2837 -0.0273
500000. 20.00 180.0000 0.3214 0.1687 0.2701 -0.0392
500000. 20.00 195.0000 0.3315 0.1900 0.2674 -0.0479
500000. 20.00 210.0000 0.3433 0.2096 0.2670 -0.0510
500000. 20.00 225.0000 0.3633 0.2336 0.2733 -0.0526
500000. 20.00 240.0000 0.3862 0.2600 0.2805 -0.0536
500000. 20.00 255.0000 0.4070 0.2895 0.2815 -0.0501
500000. 20.00 270.0000 0.4241 0.3245 0.2709 -0.0335
500000. 20.00 285.0000 0.4258 0.3424 0.2530 0.0053
500000. 20.00 300.0000 0.4052 0.3217 0.2416 0.0479
500000. 20.00 315.0000 0.3725 0.2726 0.2412 0.0793
500000. 20.00 330.0000 0.3429 0.2086 0.2545 0.0964
500000. 20.00 345.0000 0.3261 0.1452 0.2823 0.0744

500000. 30.00 0. 0.3692 0.2440 0.2754 0.0309
500000. 30.00 15.0000 0.3742 0.2432 0.2840 0.0149
500000. 30.00 30.0000 0.3860 0.2575 0.2875 -0.0071
500000. 30.00 45.0000 0.4045 0.2776 0.2939 -0.0143
500000. 30.00 60.0000 0.4253 0.2988 0.3024 -U.0101
500000. 30.00 75.0000 0.4381 0.3075 0.3121 -0.0034
500000. 30:00 90.0000 0.4481 0.3099 0.3236 0.0010
500000. 30.00 105.0000 0.4492 0.3087 0.3263 0.0028
500000. 30.00 120.0000 0.4362 0.3009 0.3155 0.0124
500000. 30.00 135.0000 0.4121 0.2775 0.3042 0.0179
500000. 30.00 150.0000 0.3803 0.2505 0.2860 0.0084
500000. 30.00 165.0000 0.3573 0.2354 0.2685 -0.0131
500000. 30.00 180.0000 0.3495 0.2416 0.2500 -0.0353
500000. 30.00 195.0000 0.3627 0.2649 0.2426 -0.0500
500000. 30.00 210.0030 0.3832 0.2911 0.2426 -0.0572
500000. 30.00 225.0000 0.4120 0.3254 0.2449 -0.0629
500000. 30.00 240.0000 0.4413 0.3619 0.2453 -0.0593
500000. 30.00 255.0000 0.4696 0.3990 0.2424 -0.0497
500000. 30.00 270.0000 0.4839 0.4249 0.2304 -0.0237
500000. 30.00 285.0000 0.4802 0.4288 0.2156 0.0157
500000. 30.00 300.0000 0.4570 0.4023 0.2098 0.0551
500000. 30.00 315.0000 0.4225 0.3544 0.2156 0.0798
500000. 30.00 330.0000 0.3845 0.2933 0.2342 0.0835
500000. 30.00 345.0000 0.3728 0.2578 0.2616 0.0640
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(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

500000. 40.00 0. G.40348 0.3333 0.2280 0.0234
500000. 40.00 lb.0000 0.4094 0.3356 0.2343 0.0094
5000C0. 40.00 30.0000 0.4244 0.3507 0.2388 -0.0088
500000. 40.00 45.000f) 0.4412 0.3701 0.2392 -0.0207
500000. 40.00 60.0000 0.4653 0.3950 0.2450 -0.0201
500000. 40.00 75.0000 0.4848 0.4114 0.2563 -0.0130
500000. 40.00 90.0000 0.5010 0.4249 0.2654 -0.0087
500000. 40.00 105.0000 0.5095 0.4302 0.2729 0.0059
500000. 40.00 120.0000 0.4950 0.4140 0.2706 0.0214
500000. 40.00 135.0000 0.4633 0.3811 0.2615 0.0316
500000. 40.00 150.0000 0.4236 0.3393 0.2525 0.0221
500000. 40.00 165.0000 0.3998 0.3176 0.2428 -0.0021
500000. 40.00 180.0000 0.3924 0.3143 0.2329 -0.0308
500000. 40.00 195.0000 0.4083 0.3382 0.2232 -0.0504
500000. 40.00 210.0000 0.4316 0.3676 0.2169 -0.0642
500000. 40.00 225.0000 0.4629 0.4062 0.2112 -0.0687
500000. 40.00 240.0000 0.4946 0.4464 0.2032 -0.0634
500000. 40.00 255.0000 0.5231 0.4849 0.1906 -0.0466
500000. 40.00 270.0000 0.5343 0.5049 0.1742 -0.0131
500000. 40.00 285.0000 0.5238 0.4968 0.1643 0.0246
500000. 40.00 300.0000 0.4947 0.4629 0.1634 0.0612
500000. 40.00 315.0000 0.4626 0.4202 0.1783 0.0752
500000. 40.00 330.0000 0.4334 0.3766 0.2026 0.0701
50C000. 40.00 345.0000 0.4204 0.3539 0.2187 0.0608

500000. 50.00 0. 0.4384 0.3977 0.1824 0.0270
500000. 50.00 15.0000 0.4438 0.4015 0.1892 0.0061
500000. 50.00 30.0000 0.4531 0.4123 0.1877 -0.0109
500000. 50.00 45.0000 0.4724 0.4325 0.1883 -0.0250
500000. 50.00 60.0000 0.4979 0.4606 0.1865 -0.0303
500000. 50.00 75.0000 0.5206 0.4840 0.1902 -0.0233
500000. 50.00 90.0000 0.5390 0.5016 0.1968 -0.0166
500000. 50.00 105.0000 0.5464 0.51Q0 0.1960 0.0047
500000. 50.00 120.0000 0.5366 0.4964 0.2023 0.0221
500000. 50.00 135.0000 0.5152 0.4668 0.2150 0.0365
500000. 50.00 150.0000 0.4827 0.4271 0.2232 0.0280
500000. 50.00 165.0000 0.4622 0.4049 0.2228 0.0062
500000. 50.00 180.0000 0.4463 0.3934 0.2097 -0.0219
500000. 50.00 195.0000 0.4532 0.4074 0.1928 -0.0476
500000. 50.00 210.0000 0.4741 0.4344 0.1776 -0.0667
500000. 50.00 225.0000 0.5072 0.4749 0.1638 -0.0700
500000. 50.00 240.0000 0.5357 0.5114 0.1472 -0.0614
500000. 50.00 255.0000 0.5545 0.5388 0.1264 -0.0345
500000. 50.00 270.0000 0.5520 0.5413 0.1082 -0.0022
500000. 50.00 285.0000 0.5431 0.5323 0.1039 0.0294
500000. 50.00 300.0000 0.5205 0.5034 0.1180 0.0598
530000. 50.00 315.0000 0.4906 0.4670 0.1327 0.0706
500000. 50.00 330.0000 0.4624 0.4328 0.1481 0.0676
500000. 50.00 345.0000 0.4431 0.4078 0.165k 0.05211
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(feet) (degrees) (degrees) (oersteds) (oersteds) (oarateds) (oesteds)

5000C0. 60.00 C. 0.4633 0.4418 0,1371 O.G234
O00CO. ,50.00 is.0000 0.4682 0.4464 0.1411 0.00
500000. 60.00 30.0000 0.4760 0.4h46 0.1406 -0.0114
500000. 60.00 45.0000 0.4892 0.4702 0.1328 -0.0245
500000. 60.00 60.C000 0.5043 0.4872 0.1260 -0.0342
500000. 60.00 75.0000 0.5344 0.5179 0.1254 -0.0399
500GO0. 60.00 90.0000 0.5645 0.5492 0.1281 -0.02k7
500000. 60.00 105.0000 0.5705 0.5539 0.1365 -0.0013
500000. 60.00 120.0000 0.5707 0.5512 0.1474 0.0139
500000. 60.00 135.0000 0.5565 0.5334 0.1549 0.0335
500000. 60.00 150.0000 0.5260 0.4997 0.1619 0.0283
500000. 60.00 165.0000 0.5081 0.4802 0.1657 0.0109
500000. 60.00 180.0000 0.4936 0.4643 0.1669 -0.0133
500000. 60.00 195.0000 0.4976 0.470k 0.1571 -0.0417
500000. 60.00 210.0000 0.5131 0.4905 0.1384 -0.0595
500000. 60.0(, 225.0000 0.5363 0.5205 0.1126 -0.0633
500000. 60.00 240.0000 0.5542 0.5429 0.0884 -0.0494
500000. 60.00 255.0000 0.5633 0.5584 0.0714 -0.0221
500000. 60.00 270.0000 0.5528 0.5490 0.0636 0.0117
500000. 60.00 285.0000 0.5352 0.5307 0.0616 0.0316
500000. 60.00 300.0000 0.5274 0.5201 0.0697 0.0521
500000. 60.00 315.0000 0.5040 0.4913 0.0885 0.0692
500000. 60.00 330.0000 0.4?77 0.4607 0.1101 0.0613
500000. 60.00 345.0000 0.4666 0.4465 0.1281 0.0440

500000. 70.00 0. 0.48S1 0.4742 0.1001 0.0217
500000. 70.00 15.0000 0.4880 0.4768 0.1039 0.0062
500000. 70.00 30.0000 0.491H 0zU803 0.1023 -0.0070
500000. 70.00 45.0000 0.4951 0.4849 0.097H -0.0213
500000. 70.00 60.0000 %.5079 0.4984 0.090 -0.0376
500000. 70.00 75.0000 0.5325 0.5247 0.0731 -0.0458
50060c9. 70.00 90.0000 0.5583 0.5528 0.0686 -0.0377
500000. 70.00 105.0000 0.5776 0.5732 0.0678 -0.0201
500000. 70.00 120.0000 0.5862 0.5816 0.0737 0.0033
500000. 70.00 135.0000 0.5754 0.5681 0.0879 0.0242
500000. 70.00 150.0000 0,5541 0,-1436 0.1048 0.0234
500000. 70.00 165.0000 0o503 0.5283 0.1129 0.0077
500000. 70.00 180.0000 0.5336 0.5217 0.1114 -0.0110
500000. 70.00 195.0000 0.5320 0.5217 0.0999 -0.0291
500000. 70.00 210.0000 0.5357 0.5279 0.0810 -0.0415
500000. ?0.00 225.0000 0.5456 0.5385 0.0595 -0.0O44
500000. 70.00 240.0000 0.5536 0.5510 0.0399 -0.0354
500000. 70.00 255.0000 0.5613 0.5605 0.0260 -0.0136
500000. 70.00 270.0000 0.5576 0.5569 0.0230 0.0160
500000. 70.00 285.0000 0.5429 0.5407 0.0294 0.0384
500000. 70.00 300.0000 0.5266 0.5224 0.0398 0.0528
500000. 70.00 315o0000 0.5085 0.5018 0.0566 0.0599
500000. 70.00 330.0000 0.4929 0.4842 0.0755 0.0528
500000. 70.00 345.0000 0.4859 0.4760 0.0902 0.0381
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11 THErA PI B Bz By Bx
(feet) (degrees) (dogrees) (oersteds) (oersteds) (oersteds) (oersteds)

500000. 30.00 0. 0.5058 0.5010 0.0671 0.0192
500COO. 80.00 15.0000 C.50?7 0.5027 0.0709 0.0060
5000C0. 80.00 30.OOCO 0.5107 0.5057 0.0711 -0.0071
500000. 80.00 45.0000 0.5154 0.5106 0.0674 -0.0201
500000. 80.00 60.0000 0.5228 0.5185 0.0590 -0.0314
500000. 80.00 75.0000 0.5329 0.5295 0.0469 -0.0376
500000. 80.00 90.0000 0.5440 0.5417 0.0342 -0.0363
500000. 80.00 105.0000 0.5538 0.5526 0.0247 -0.0279
500000. 80.00 120.0000 0.5599 0.5593 0.0213 -0.0155
500000. 80.00 135.0000 0.5610 0.5604 0.0241 -0.0041
500000. 80.00 150.0000 0.5578 0.5569 0.0318 0.0013
500000. 80.00 165.0000 0.5525 0.5512 0.0378 -0.0001
500000. 80.00 180.0000 0.5470 0.5455 0.0395 -0.0062
500000. 80.00 195.0000 0.5429 0.5416 0.C357 -0.0139
500000. 80.00 210.0000 0.5412 0.5402 0.0266 -0.0193
500000. 80.00 225.0000 0.5415 0.5409 0.0142 -0.0190
500000. 80.00 240.0000 0.5419 0.5418 0.0021 -0.0112
500000. 80.00 255.0000 0.5406 0.5406 -0.0056 0.0030
500000. 80.00 270.0000 0.5366 0.5362 -0.0060 0.0199
500000. 80.00 285.0000 0.5301 0.5290 0.0014 0.0348
500000. 80.00 300.0000 0.5224 0.5203 0.0147 0.04145
500000. 80.00 315.0000 0.5148 0.5117 0.0309 0.0470
500000. 80.00 330.0000 0.5089 0.5050 0.0467 0.0422
500000. 80.00 345.0000 0.5059 0.5614 0.0592 0.0319

S00000. 90.00 0. 0.5329 0.5321 0 0
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H THETA PHI B B By ( t
(feet) (degrees) (degrees) (oerateds) (oersteds) (oersteds) (osteds)

750000. -90.00 C. 0. 092 -0.4925 0 0

750000. -80.00 0. 0.4702 .-0.4470 0.1280 0.0702
750000. -80.00 15.0000 0.4768 -0.4558 0.1077 0.0894
750000. -80.00 30.0000 0.4839 -0.'&656 0.0836 0.1018
75000C. -80.00 45.0000 0.4905 -0.-748 0.0583 0.1083
750000. -80.00 60.0000 0.4970 -0.4834 0.0328 0.1111
750000. -80.00 75.0000 0.5054 -0.4931 0.0062 0.1106
750000. -80.00 90.0000 0.5163 -0.5052 -0.0211 0.10143
750000. -80.00 105.0000 0.5293 -0*5194 -0.0458 0.0908
750000. -80.00 120.0000 0.5439 -0.5352 -0.0655 0.0710
750000. -80.00 135.0000 0.5600 -0.5524 -0.0803 0.0454
750000. -80.00 150.0000 0.5755 -0.5682 -0.0903 0.0121
750000. -80.00 165.0000 0.5852 -0.5770 -0.0926 -0.0300
750000. -80.00 180.0000 0.5836 -0.5727 -0.0823 -0.0760
750000. -80.00 195.0000 0.5690 -0.5541 -0.0579 -0.1155
750000. -80.00 210.0000 0.5451 -0.5263 -0.0232 -0.1399
750000,. -80.00 225.0000 0.5186 -0.4972 0.0154 -0.1466
750030. --80.00 240.0000 0.4955 -0.4721 0.0528 -0.1386
75000. -80.00 255.0000 0.4787 -0.4552 0.0859 -0.1209
750000. -80.00 270.0000 0.4681 -0.4437 0.1133 -0.0968
75000U. -80.00 285.0000 0.4622 -0.4371 0.1338 -0.0685
750000. -80.00 300.0000 0.4599 -0.4343 0.1462 -0.0385
750000. -80.00 315.0000 0-4601 -0.4344 0.1511 -0.0089
750000. -80.00 330.0000 0.4618 -0.4364 0.1498 0.0193
750000. -80.00 345.0000 0.4651 -0.44014 0.1422 0.0461

750000. -70.00 0. 0.4106 -0.3744 0.1547 0.0672
750000. -70.00 15.0000 0.4256 -0.3927 0.1388 0.0875
750000. -70.00 30.0000 0.4465 -0.4187 0.1189 0.0995
750000. -70.00 45.0000 0.4628 -0.441! 0.0963 0.1010
750000. -70.00 60.0000 0.4734 -0.4559 0.0746 0.1035
750000. -70.00 75.0000 0.4Y47 -0.4791 0.0503 0.1123
750000. -70.00 90.0000 0.5294 -0.5173 0.0215 0.1102
750000. -70.00 105.0000 0.5596 -0.5527 -0.0044 0.0880
750000. -70.00 120.0000 0.5752 -0.5721 -0.0196 0.0563
750000. -70.00 135.0000 0.5827 -0.5815 -0.0215 0.0295
750000. -70.00 150.0000 0.5971 -0.5968 -0.0168 0.0089
750000. -70.00 165.0000 0.6192 -0.6187 -0.0106 -0.0233
750000. -70.00 180.0000 0.6266 -0.6227 0.0042 -0.0697
750000. -70.00 195.0000 0.6100 -0.6001 0.0263 -0.1065
750000. -70.00 210.0000 0.5795 -0.5658 0.0460 -0.1257
750000. -70.00 225.0000 0.5421 -0.5216 0.0636 -0.1331
750000. -70.00 240.0000 0.5037 -0.4791 0.0841 -0.1306
750000. -iO.00 255.0000 0.4701 -O.4411 0.1095 -0.1203
750000. -70.00 270.0000 0.4421 -0.4079 0.1376 -0.1010
750000. -70.00 285.0000 0.4228 -0.3844 0.1616 -0.0699
750000. -70.00 300.0000 0.4162 -0.3758 0.1754 -0.0354
750000. -7O.00 315.0000 0.4143 -0.3733 0.1796 -0.0016
750000. -70.00 330.0000 0.4093 -0.3687 0.1769 0.0168
750000. -70.00 345.0000 0.U058 -0.3668 0.1681 0.0426
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H THETA PHI B Bz By BE
(feet) (degreer) (degrees) (oersteds) (oersteds) (oerateds) (oersteds)

50CCO. -60.00 0. 0.3489 -0.3100 0.1463 0.06!2
750000. -60.00 15.0000 0.3601 -0.3261 0.1348 0.07'48

750000. -60.00 30.0000 0.3818 -0.3490 0.1280 0.0C72

750000. -60.00 45.0000 0.4125 -0.3834 0.1183 0.0958

750000. -60.00 60.0000 0.4390 -0.4157 0.1007 0.0988

750000. -60.00 75.0000 0.4693 -0.4501 0.0829 0.1038

750000. -60.00 90.0000 0.5082 -0.4931 0.0711 0.1004

750000. -60.00 105.0000 0.5487 -0.5389 0.0590 0.0844

750000. -60.00 120.0000 0.5807 -0.5763 0.0482 0.0521

750000. -60.00 135.0000 0.5979 -0.5959 0.0451 0.0184

750000. -60.00 150.0000 0.6101 -0.6075 0.0561 -0.0077

750000. -60.00 165.0000 0.6283 -0.6225 0.0764 -0.0376

750000. -60.00 180.0000 0.6178 -0.6039 0.1000 -0.0834

750000. -60.00 195.0000 0.5166 -0.5538 0.1220 -0.1044

750000. -60.00 210.0000 0.5399 -0.5110 0.1391 -0.1052
750000. -60.00 225.0000 0.5134 -0.4817 0.1464 -0.1007

750000. -60.00 240.0000 0.4898 -0.4554 0.1471 -0.1043

750000. -60.00 255.0000 0.4571 -0.4157 0.1561 -0.1087

750000. -60.00 270.0000 0.4187 -0.3688 0.1715 -0.0993

750U00. -60.00 285.0000 0.3832 -0.3251 0.1890 -0.0739

750000. -60.00 300.0000 0.3608 -0.2971 0.2014 -0.0360

750000. -60.00 315.0000 0.3482 -0.2855 0.1994 0.0003

750000. -60.00 330.0000 0.3406 -0.2856 0.1832 0.0292
750000. -60.00 345.0000 0.3404 -0.2941 0.1636 0.0510

750000. -50.00 0. 0.3038 -0.2649 0.1337 0.0654

750000. -50.00 15.0000 0.3212 -0.2886 0.1234 0.0681
750000. -50.00 30.0000 0.3421 -0.3123 0.1206 0.0703

750000. -50.00 45.0000 0.3667 -0.3366 0.1214 0.0802

750000. -50.00 60.0000 0.4014 -0.3728 0.1179 0.0907

750000. -50.00 75.0000 0.4439 -0.4202 0.1062 0.0962

750000. -50.00 90.0000 0.4852 -0.4678 0.0938 0.0886

750000. -50.00 105.0000 0.5322 --0.5195 0.0900 0.0729

750000. -50.00 120.0000 0.5670 -0.5576 0.0962 0.0372

750000. -50.00 135.0000 0.5853 -0.5749 0.1097 0.0035

750000. -50.00 150.0000 0.5801 -0.5639 0.1321 -0.0333

750000. -50.00 165.0000 0.5711 -0.5476 0.1542 -0.0507

750000. -50.00 180.0000 0.5530 -0.5216 0.1664 -0.0777

750000. -50.00 195.0000 0.5217 -0.4852 0.1698 -0.0889

750000. -50.00 210.0000 0.4841 -0.4436 0.1707 -0.0915

750000. -50.00 225.0000 0.4558 -0.4117 0.1766 -0.0842

750000. -50.00 240.0000 0.4413 -0.3907 0.1860 -0.0866

710000. -50.00 255.0000 0.4121 -0.3518 0.1923 -0.0953

750000. -50.00 270.0000 0.3728 -0.3016 0.1999 -0.0899

750000. -50.00 285.0000 0.3315 -0.2493 0.2075 -0.0685

750000. -50.00 300.0000 0.2992 -0.2155 0.2060 -0.0259

750000. -50.00 315.0000 0.2853 -0.2107 0.1911 0.0164

750000. -50.00 330.0000 0.2863 -0.2252 0.1713 0.0439

750000. -50.00 345.0000 0.2912 -0.2425 1.1499 0.0592
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H THETA PHI B Bs B
(feet) (degrees) (degrees) (oersteAs) (oersteds) (oersteds) (oerateds)

750000. -40.00 0. 0.2775 -0.2411 0.121o 0.0649
750000. -40.00 15.0000 0.2969 -0.2658 0.1191 0.0565
750000. --40.00 30.0000 0.3104 -0.2783 0.1250 0.0573
750000. -40.00 45.0000 0.3362 -0.3041 0.1272 0.0663
750000. -40.00 60.0000 0.3735 -0.3400 0.1334 0.0783
750000. -40.00 75.0000 0.426! -0.3945 C-1354 0.0870
750000. -40.00 90.0000 0.4785 -0.4519 0.1371 0.0771
750000. -40.00 105.0000 0.5203 -0.4967 0.1454 0.0534
750000. -40.00 120.0000 0.5488 -0.5248 0.1590 0.0205
750000. -40.00 135.0000 0.5586 -0.5303 0.1750 -0.0107
750000. -40.00 150.0000 0.5441 -0.5110 0.1825 -0.0398
750000. -40.00 165.0000 0.5291 -0.4899 0.1921 -0.0555
750000. -40.00 180.0000 0.5050 -0.4559 0.2043 -0.0741
750000. -40.00 195.0000 0.4694 -0.4112 0.2124 -0.0787
750000. -40.00 210.0000 0.4450 -0.3840 0.2120 -0.0748
750000. -40.00 225.0900 0.4214 -0.3546 0.2142 -0.0769
750000. -40.00 240.0000 0.3961 -0.3219 0.2174 -0.0778
750000. -40.00 255.0000 0.3665 -0.2839 0.2170 -0.0817
750000. -40.00 270.0000 0.3277 -0.2343 0.2153 -0.0783
750000. -40.00 285.0000 0.2841 -0.1828 0.2100 -0.6566
750000. -40.00 300.0000 0.2521 -0.1506 0.2017 -0.0132
750000. -40.00 315.0000 0.2438 -0.1538 0.1868 0.0295
750000. -46.00 330.0000 0.2490 -0.1777 0.1643 0.0587
750000. -40.00 345.0000 0.2622 -0.2126 0.1372 0.'567

750000. -30.00 0. 0.2746 -0.2372 0.1227 0.0640
750000. -30.00 15.0000 0.2822 -0.2498 0.1237 0.0%4
750000. -30.00 30.0000 0.2972 -0.2629 0.1294 0.0497
750000. -30.00 k5.0000 0.3242 -0.2872 0.127 0.0478
750000. -30.00 60.0000 0.3531 -0.3098 0.1577 0.0622
750000. -30.00 75.0000 0.4019 -0.3557 0.1730 0.0708
750000. -30.OC 90.0000 0.4515 -0.4073 0.1854 0.0602
750000. -30.00 105.0000 0.4914 -0.4464 0.2021 0.0370
750000. -30.00 120.0000 0.5122 -0.4603 0.2248 0.0021
750000. -30.00 135.0000 0.5100 -0.4%86 0.2418 -0.0190
750000. -30.00 150.0000 0.5023 -0.4346 0.2488 -0.0393
750000. -30.00 165.0000 0.4824 -0.4050 0.2558 -0.0570
750000. -30.00 180.0000 0.4535 -0.3678 0.2567 -0.0671
?50000. -30.00 195.0000 0.4228 -0.3340 0.2499 -0.0686
750000. -30.00 210.0000 0.400S -0.3029 0.2528 -0.0688
750000. -30.00 225.0000 0.3738 -0.2691 0.2505 -0.0673
750000. -30.00 240.0000 0.3488 -0.2407 0.2437 -0.0662
750000. -30.00 255.0000 0.3236 -0.2092 0.2370 -0.0689
750000. -30.00 270.0000 0.2910 -0.1655 0.2304 -0.0649
750000. -30.00 235.0000 0.2576 -0.1228 0.2224 -0.0430
750000. -30.00 300.0000 0.2310 -0.0995 0.2085 -0.0005
750000. -30.00 315.0000 0.2230 -0.1114 0.1885 0.0422
750000. -30.00 330.0000 0.2325 -0.1479 0.1643 0.0721
750000. -30.00 345.0000 0.2558 -0.1986 0. 1410 0.0782
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H TMEA aH Bz By _(feet) (degrees) (dogrees) (oersteds) (oersteds) (oersteds) (oersteds)

750000. -20.00 P. 0.2852 --0.2287 0.1571 0.0660760000. -20.00 15.0000 0.2922 -0.2465 0.1519 0.0358750000. -20.00 30.0000 0.3017 -0.2516 0.1629 0.0343
750000. -20.00 45.0000 0.3188 -0.2592 0.1827 0.0328
750000. -20.00 60.0000 0.3430 -0.2756 0.1993 0.0448750000. -20.00 75.0000 0.3778 -0.3035 0.2185 0.0535150000. -20.00 90.0000 0.4224 -0.3469 0.2371 0.0429750000. -20.00 105.0000 0.4509 -0.3663 0.2625 0.0160750000. -20.00 120.0000 0.4574 -0.3592 0.2829 -0.0095750000. -20.00 135.0000 0.4504 -0.3442 0.2896 -0.023o750000. -20.00 150.0000 0.4396 -0.3260 0.2924 -0.0388750000. -20.00 165.0000 0.4181 -0.2970 0.2891 -0.0518
750000. -20.00 180.0000 0.3949 -0.2632 0.2879 -0.0614750000. -20.00 195.0000 0.3757 -0.2331 0.2882 -0.0613
750000. -20.00 20.0000 0.3497 -0.2006 0.2801 -0.0597750000. -20.00 225.0000 0.3288 -0.1755 0.2719 -0.0581
750000. -20.00 240.0000 0.3121 -0.1538 0.2659 -0.055h750000. -20.OC 35.0000 0.2938 -0.1274 0.2582 -0.0586750000. -20.00 270.0000 0.2709 -0.0917 0.2492 -0.0533750000. -20.00 285.0000 0.2477 -0.0563 0.2391 -0.0319750000. -20.00 300.0000 0.2292 -0.0426 0.2249 0.0114750000. -20.00 315.0000 0.2241 -0.0639 0.2079 0.0540750000. -20.00 330.0000 0.2341 -0.1111 0.1894 0.0811750000. -20.00 345.0000 0.2584 -0.1747 0.1691 0.0877

750000. -10.00 0. 0.2835 -0.1836 0.2067 0.0630750000. -10.00 15.0000 0.2990 -0.2082 0.2116 0.0361750000. -10.00 30.0000 0.3048 -0.2089 0.2209 0.0212750000. -10.00 45.0000 0.3131 -0.2018 0.2387 0.0185
750000. -10.00 60.0000 0.3323 -0.2093 0.2561 0.0317750000. -10.00 75.0000 0.3579 -0.2297 0.2718 0.0385750000. -10.00 90.0000 0.3902 -0.2599 0.2898 0.0279750000. -10.00 105.0000 0.4021 -0.2608 0.3060 -0.0002
750000. -10.00 120.0000 0.4004 -0.2387 0.3209 -0.0179750000. -10.00 135.0000 0.3937 -0.2189 0.3266 -0.0233
750000. -10.00 150.0000 0.3819 -0.2030 0.3217 -0.0344750000. -10.00 165.0000 0.3671 -0.1787 0.3170 -0.0479750000. -10.00 180.0000 0.3489 -0.1468 0.3116 -0.055275G000. -10.00 195.0000 0.3279 -0.1181 0.3011 -0.0535750000. -10.00 210.0000 0.3126 -0.0955 0.2931 -0.0518750000. -10.00 225.0000 0.2989 -0.0771 0.2846 -0.0493750000. -10,00 240.0000 0.2875 -0.0598 0.2769 -0.0490750000. -10.00 255.0000 0.2003 -0.0393 0.2728 -0.0509750000. -10.00 270.0000 0.2725 -0.0074 0.2683 -0.0466750000. -10.00 285.0000 0.2627 0.0248 0.2605 -0.0232750000. -10.00 300.0000 0.2516 0.0332 0.2485 0.0218750000. -10.00 315.0000 0.2399 0.0016 0.2314 0.0631750000. -10.00 330.0000 0.2391 -0.0560 0.2145 0.0894750000. -10.00 345.0000 0.2598 -0.1295 0.2058 0.0916
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H THETA PHI B By Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

750000. 0.00 0. 0.2782 -0.1080 0.2502 0.0562

750000. 0.00 15.0000 0.2937 -0.1221 0.2655 0.0287

750000. 0.00 30.0000 0.3025 -0.1201 0.2773 0.0121

750000. 0.00 45.0000 0.3073 -0.1059 0.2885 0.0081

75000. 0.00 60.0000 0.3220 -0.1030 0.3045 0.0197

750000. 0.00 75.0000 0.3418 -0.1181 0.3196 0.0273

750000. 0.00 90.0000 0.3634 -0.1389 0.3353 0.0172

750000. 0.00 105.0000 0.3713 -0.1331 0.3465 -0.0073

750000. 0.00 120.0000 0.3605 -0.1068 0.3438 -0.01T0

750000. 0.00 135.0000 0.3466 -0.0888 0.3345 -0.0195

750000. 0.00 150.0000 0.3353 -0.0765 0.3252 -0.0280

750000. 0.00 165.0000 0.3219 -0.0558 0.3140 -0.0438

750000. 0.00 180.0000 0.3100 -0.0259 0.3051 -n.0.82

750000. 0.00 195.0000 0.3051 -0.0027 0.3013 -0.0481

750000. 0.00 210.0000 0.2976 0.0125 0.2938 -0.0457

750000. 0.00 225.0000 0.2934 0.0247 0.2890 -0.0439

750000. 0.00 2M0.0000 0.2946 0.C3z 0.2883 -0.0%67

750000. 0.00 255.0000 0.2961 0.0606 0.2859 -0.0475

750000. 0.00 270.0000 0.2984 0.0923 0.2805 -0.0425

750000. 0.03 285.0000 0.2999 0.1231 0.2730 -0.0149

750000. 0.00 300.0000 0.2882 0.1238 0.2585 0.0303

750000. 0.00 315.0000 0.2730 0.0847 0.2497 0.0706

750000. 0.00 330.0000 0.2620 0.0187 0.2432 0.0954

750000. 0.00 345.0000 0.2628 -0.0588 0.2400 0.0894

75000. 10.00 0. 0.2871 -0.(" " 0.2834 0.C54

750000. 10.00 15.0000 0.2968 -0. 0-2960 0.0210

750000. 10.00 30.0000 0.3065 0.L 0.3065 0.0051

750000. 10.00 45.0000 0.3154 0.0.. 0.3149 0.0015

750000. 10.00 60.0000 0.3286 0.0259 0.3275 0.0086

750000. 10.00 75.0000 0.3450 0.0171 0.31ti 0.0171

750000. 10.00 90.0000 0.3586 0.0057 0.3585 0.0101

750000. 10.00 105.0000 0.3566 0.0117 0.3563 -0.0089

750000. 10.00 120.0000 0.3489 0.0275 0.347? -0.0115

750000. 10.00 135.0000 0.3350 0.0363 0.3328 -0.0111

750000. 10.00 150.0000 0.3175 0.0394 0.3144 -0.0193

750000. 10.00 165.0000 0.3079 0.0547 0.3009 -0.0363

750000. 10.00 180.0000 0.3011 0.0767 0.2880 -0.0426

750000. 0.00 195.0000 0.2988 0.0980 0.2785 -0.0458

7500G0. 10.00 210.0000 0.3046 0.111#0 u.2789 -0.0448

750000. 10.00 225.0000 0.3129 0.1272 0.2823 -0.0%56

750000. 10.00 240.0000 0.3231 0.1458 D.2845 -0.01472

750000. 10.00 255.0000 0.3345 0.1694 0.2847 -0.0466

750000. 10.00 270.0000 0.3477 0.2014 0.2808 -0.0387

750000. 10.00 285.0000 0.3530 0.2299 0.2678 -0.0059

750000. 10.00 300.0000 0.3388 0.2198 0.2550 0.0385

750000. 10.00 315.0000 0.3155 0.1792 0.2489 0.0739

750000. 10.00 330.0000 0.2924 0.1115 0.2523 0.0969

750000. 10.00 345.0000 0.2805 0.0318 0.2657 0.0843
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H THETA PHI B B
(feet) (degrees) (degrees) (oersteds) (oerstcfis) (-csteds) (oersteds)

;'50000. 20.00 C. 0.3143 0.117o 0.2893 .0377
750000. 20.00 15.0000 0.3205 0.1179 0.. 9.0169
7SO000. 20.00 30.0000 0.3321 0.1513 C-3 Si -0.0015
750nnO. 20.00 45.OCCO C.3451 0.1459 0.-Sl -0.0057
750000. 20.00 60.0000 C.3623 0.1605 0.3248 -0.0002
75000. 20.00 75.0000 0.3770 0.1631 0.3398 0.0057
750000. 20.00 90.0000 0.3854 0.1604 0.3504 0.0059
750000. 20.00 105.0000 0.3848 0.1575 0.3511 -0.0016
750000. 20.00 120.0000 0.3753 0.1644 0.3373 -0.0008
750000. 20.00 135.0000 C.3522 0.1547 0.3161 0.0027
750000. 20.00 150.0000 0.3292 0.1423 0.2968 -0.0070
750000. 20.00 165.0000 0.3120 0.1450 0.2750 -0.026'
750000. 20.00 180.0000 0.3108 0.!625 0.2621 -0.0381
750000. 20.00 195.0000 0.3204 0.1829 0.2589 -0.0463
750000. 20.00 210.0000 0.3321 0.2024 0.2586 -0.0493
750000. 20.00 225.0000 0.3512 0.2259 0.21-40 -0.0510
750000. 20.00 240.0000 0.3723 0.2513 0.2698 -0.0516
750000. 20.00 255.0000 0.3920 0.2797 0.2704 -0.0478
750000. 20.00 270.0000 0.4079 0.3124 0.2604 -0.0318
750000. 20.00 285.0000 0.4099 0.3292 0.2442 0.0051
750000. 20.00 300.0000 0.3906 0.3099 0.2332 0.0457
750000. 20.00 315.0000 0.3599 0.2634 0.2332 0.0759
750000. 20.00 330.0000 0.3308 0.2017 0.2456 0.0918
750000. 20.00 345. C000 0.3144 0.1414 0.2715 0.0716

750000. 30.00 0. 0.355v 0.2354 0.2652 0.0309
750000. 30.00 1S.0000 0.3606 0.2346 0.273:- 0.0146
750000. 30.00 30.0000 0.3713 0.2470 0.2772 -0.0060
750000. 30.00 45.0000 0.3890 0.2665 0.2830 -0.0129
750000. 30.00 60.0000 0.4085 0.2865 0.2911 -0.0094
750000. 30.00 ?5.0000 0.4213 0.2950 0.3007 -0.0031
750000. 30.00 90.0000 0.4312 0.2977 0.3120 0.0010
750000. 30.00 105.0000 0.4317 0.2962 0.3140 0.0028
750000. 30.00 120.0000 0.4195 0.2886 0.3043 0.0113
750000. 30.00 135-0000 0.3967 0.2670 0.2928 0.0163
7 0000. 30.00 150.0000 0.3672 0.2416 0.2764 0.0071
750000. 30.00 165.0000 0.3459 0.2283 0.2595 -0.0132
750000. 30.00 180.0000 0.3393 0.2346 0.2427 -0.0341
750000. 30.00 195.0000 0.3511 0.2563 0.2350 -0.081
750000. 30.00 210.0000 0.3704 0.2814 0.2345 -0.0551
750000. 30.00 225.0000 0.3977 0.3140 0.2366 -0.0603
750000. 30.00 240.0000 0.4260 0.3494 0.2370 -0.0570
750000. 30.00 255.0000 0.;523 0.3845 0.2333 -0.0475
750000. 30-00 270.0000 0.4662 0.4095 0.2217 -0.0224
750000. 30.00 285.0000 0.4621 0.4126 0.2077 0.0148
750000. 30.00 300.0000 0.4403 0.3873 0.2027 0.0524
750000. 30.00 315.0000 0.4073 0.3416 0.2083 0.0763
750000. 30.00 330.0000 0.3720 0.2843 0.2262 0.0798
750000. 30.00 345.0000 0.3594 0.2494 0.2514 0.0616
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H THETA PHi B B Y
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

750000. 40.00 0. 0.3914 0.3219 0.2209 0.0284

750000. 40.00 15.0000 0.3954 0.3237 0.2268 0.009S

750000. 40.00 30.000 0.4091 0.3378 0.2307 -0.0078

750C00. 40.00 45.0000 0.4254 0.3563 0.2316 -0.0790

150000. 40.00 60.0000 0.4482 0.3798 0.2374 -0.0186

750000. 40.00 75.0000 0.4667 0.952 0.2478 -0.0122

750000. 40.00 90.0000 0.4811 0.4073 0.2560 -0.0078

750000. 40.00 105.0000 0.489i C.125 n-?1.27 0.0054

750000. 40.00 120.0000 0.4157 0.3977 0.2602 0.0198

750000. 40.00 i35.0000 0.4464 0.3669 0.2521 0.0289

750000. 40.00 150.0000 0.4098 0.3285 0.2441 0.0200

750000. 40.00 165.0000 0.3874 0.3077 0.2354 -0.0028

750000. 40.00 180.0000 0.3805 0.3051 0.2255 -0.0297

750000. 40.00 195.0000 0.3953 0.3275 0.2159 -0.0485

750000. 40.00 210.0000 C.4174 0.3560 0.2092 -0.0614

?50000. 40.00 225.0000 0.4469 0.3924 0.2034 -0.0655

750000. 40.00 240.0000 0.4764 0.4302 0.1956 -0.0605

750000. 40.00 255.0000 0.5036 0.4667 0.1839 -0.0442

750000. 40.00 270.0000 0.5137 0.4851 0.1685 -0.0129

750000. 40.00 285.0000 0.5046 0.4784 0.1589 0.0234

730000. 40.00 300.0000 0.4770 0.4462 0.1583 0.0518

750000. 40.00 315.0000 0.4463 0.4054 0.1722 0.0718

750000. 40.00 330.0000 0.4188 0.3644 0.1949 0.0678

750000. 40.00 345.0000 0.4055 0.3411 0.2114 0.0579

750U00. 50.00 0. 0.4238 0.3844 0.1761 0.0264

750000. 50.00 15.0000 0.4291 0.3881 0.1829 0.0067

750000. 50.00 30.0000 0.4386 0.3987 0.1826 -0.0100

750000. 50.00 45.0000 0.4561 0.4173 0.1826 -0.0229

750000. 50.00 60.0000 0.4795 0.4431 0.1811 -0.0278

75000C. 50.00 75.0000 0.5009 0.4653 0.1842 -0.0222

750000. 50.00 90.0000 0.5187 0.4823 0.1903 -0.0151

750000. 50.00 105.0000 0 5255 0.4897 0.1905 0.0044

750000. 50.00 120.0000 0.5166 0.4772 0.1967 0.0211

750000. 50.00 135.0000 0.4960 0.1493 0.2073 0.0334

750000. 50.00 150.0000 0.4661 0.' 28 0.21148 0.0255

750000. 50.00 165.0000 0.4461 0.....17 0.2135 0.0049

750000. 50.00 130.0000 0.4321 0.3814 0.2019 -C.0215

750000. 50.00 195.0000 0.4387 0.3945 0.1865 -0.0457

750000. 50.00 210.0000 0.4587 0.4204 0.1724 -0.0635

750000. 50.00 225.0000 0.4896 0.4584 0.1584 -0.0668

750000. 50.00 240.0000 0.5165 V.4932 0.1422 -0.0581

750000. 50.00 255.0000 0.5332 0.5179 0.1223 -0.0332

750000. 50.00 270.0000 0.5322 0.5215 0.1059 -0.0023

750000. 50.00 285.0000 0.5230 0.5122 0.1019 0.0278

750000. 50.00 300.0000 0.5026 0.4861 0.1145 0.0566

750000. 50.00 315.0000 0.4744 0.4515 0.1290 0.0674

750000. 50.00 330.0000 0.4472 0.4183 0.114% 0.0648

750000. 50o.00 35.0000 0.4291 0.3947 0.1609 0.0501
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H THETA PHI B Ba B
(feet) (degrees) (degrees) (oersreas) (oersteds) (cerscrds) (oersteda)

750000. 60.00 0. 0.4496 0.4286 0.1338 0.0234
750000. 60.00 15.0000 0.4533 0.4318 0.1375 0.0058
750000. 60.00 30.0000 0.4605 0.4396 0.1368 --0.0101
7500CO. 60.00 45.0000 0.4728 L.q540 0.1300 -C.0230
750000. 60.00 60.0000 0.4888 0.4718 0.1236 -0.0320
750000. 60.00 75.0000 0.5159 0.4997 0.1229 -0.0364
750000. 60.00 90.0000 0.5430 0.5279 0.1251 -0.0227
750000. 60.00 105.0000 0.5490 0.5328 0.1323 -0.0015
750000. 60.00 120.0000 0.5488 0.5300 0.1419 0.0134
750000. 60.00 135.0000 0.5350 0.5127 0.1498 0.0303
750000. 60.00 150.0000 0.5061 0.4826 0.1569 0.0257
(50000. 60.00 165.0000 0.4910 0.4638 0.1609 0.0091
750000. 60.00 180.0000 0.4787 0.4505 0.1611 -C.0137
750000. 60.00 195.0000 0.21813 0.4553 G.1509 -0.0397
150000. 60.00 210.0000 0.4960 0.4745 0.1330 -0-0567
750000. 60.00 225.0000 0.5169 0.5017 0.1092 -0.0599
750000. 60.00 240.0000 0.5347 0.5255 0.0864 -0.0475
750000. 60.00 255.0000 0.5436 0.5386 0.0701 -0.0215
750000. 60.00 270.0000 0.5345 0.5308 0.0619 0.0101
750000. 60.00 205.0000 0.51M 7 0.5142 G.0605 ^.0301
750000. 60.00 300.0000 0.5091 0.5019 0.0689 0.0503
750000. 60.00 315.0000 0.4813 0.4151 0.0868 0.0651
750000. 60.00 330.0000 0.4634 0.4470 0.1068 0.0589
750000. 60.00 345.0000 0.4524 0.4330 0.1238 0.0424

750000. 70.00 0. 0.4704 0.4597 0.0973 0.0216
750000. 70.00 15.0000 0.4728 0.4619 0.1006 0.0064
750000. 70.00 30.0000 0.4765 0.4660 0.0993 -0.0067
7500C0. 70.00 45.0000 0.4813 0.4714 0.0952 -0.0199
750000. 70.00 60.0000 0.4730 0.4838 0.0882 -0.0343
750000. 70.00 75.0000 0.5150 0.5074 0.0773 -0.0417
750000. 70.00 90.0000 0.5386 0.5332 0.06Fs -0.0343
750000. 70.00 105.0000 0.5558 0.5514 0.0675 -0,0179
75C000. 70.00 120.0000 0.5632 0.5585 0.0729 0.0029
750000. 70.00 135.0000 0.5540 0.5469 0.0858 0.0211
750000. 70.00 150.0000 0.5349 0.5249 0.1009 0.0208
750000. 70.00 165.0000 0.5217 0.5102 0.1085 0.0u63
750000. 70.00 180.0000 0.5155 0.5041 0.1072 -0.0113
750000. 70.00 195.0000 0.5144 0.5044 0.0968 -0.0285
750000. 70.00 210.0000 0.5187 0.5111 0.0788 -0.0402
750000. 70.00 225.0000 0.5261 0.5212 0.0581 -0.0420
750000. 70.00 240.0000 0.5346 0.5321 0.0394 -0.0333
750000. 70.00 255.0000 0.5410 0.5%02 0.0265 -0.0130
750000. 70.00 270.0000 0.5377 0.5370 0.0238 0.0142
750000. 70.00 285.0000 0.5248 0.5228 0.0291 0.0356
750000. 70.00 300.000' 0.5097 0.5058 0.0387 0.0498
750000. 70.00 315.0000 0.4931 0.4868 0.0547 0.0566
750000. 70.00 330.0000 0.4788 0.4704 0.0734 0.0507
750000. 70.00 345.0000 0.4717 0.4619 0.0881 0.0371
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H THETA PHI B Bz By Bx

(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

750000. 80.00 0. 0.4914 0.4861 0.064 0.0196
750000. 80.00 15.0000 0.4924 0.4875 0.0684 0.0071
750000. 80.00 30.0000 0.4949 0.4901 0.0687 -0.0060
750000. 80.00 45.0000 0.4996 0.4950 0.0649 -0.0187
750000. 80.00 60.0000 0.5070 0.5030 0.0569 -0.0290
750000. 80.00 75.0000 0.5165 0.5133 0.0457 -0.0343
750000. 80.00 90.0000 0.5264 0.5243 0.0342 -0.0327
750000 80.00 105.0000 0.5348 0.5336 0.0259 -0.0252
750C00. 80.00 120.0000 0.5400 0.5394 0.0231 -0.0143
750000. 80.00 135.0000 0.5411 0.5404 0.0262 -0.0047
750000. 80.00 150.0000 0.5386 0.5376 0.0324 -0.0002
750000. 80.00 165.0000 0.5342 0.5328 0.0376 -0.0017
750000. 80.00 180.0000 0.5295 0.5280 0.0387 -0.0073
750000. 80.00 195.0000 0.5257 0.5244 0.0347 -0.0140
750000. 80.00 210.0000 0.5238 0.5228 0.0260 -0.0187
750000. 80.00 225.0000 0.5237 0.6232 0.0144 -0.0185
750000. 80.00 240.0000 0.5243 0.5242 0.0030 -0.0115
750000. 80.00 255.0000 0.5237 0.5237 -0.0045 0.0019
750000. 80.00 270.0000 0.5203 0.5200 -0o.0050 0.0183
750000. 80.00 285.0000 0.5140 0.5129 0.0021 0.0330
750000. 80.00 300.0000 0.5062 0.5042 O.O18 0.0421
750000. 80.00 315.0000 0.4991 0.4963 0.0301 0.0441
750000. 80.00 330.0000 0.4942 0o4906 0.0447 0.0397
750000. 80.00 345.0000 0.4918 0.4876 0.0564 0.0309

750000. 90.00 0. 0.5163 0.5156 0 0
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H THETA PHI B Bz By Bi
(feet) (deerees) (degrees) (oersteds) (oersteds) (oersteds) (oersteas)

I0300C0. -90.00 C. 0.4927 -0.4769 0 0

1000000. -60.00 0. 0.4541 -0.4318 0.1231 0.0675
10000CC. -80.00 15.0000 0.4604 -0.4403 0.1037 0.0860
IOOOCCO. -80.00 3C.0000 0.4674 -0.4498 0.0806 0.0983
1000000. -80.00 45.0000 0.4742 -0.4591 0.0563 0.1048
1000000. -80.00 60.0000 0.4813 -0.4680 0.0315 0.1075
1000000. -80.00 15.0000 0.4899 -0.4782 0.0051 0.1065
1000000. -80.00 90.0000 G.5007 -0.4902 -0.0205 0.D998
1000000. -80.00 105.0000 0.5131 -0.5039 --0.0441 0.066i
1000000. -80.00 120.0000 0.5266 -0.5186 -0.0629 0.0662
1000000. -80.00 135.0000 0.5408 -0.5338 -0.0767 0.0404
10000C0. -80.00 150.0000 0.5540 -0.5473 -0.0853 0.0088
1000000. -80.00 165.0000 0.5620 -0.5545 -0.0864 -0.0303
1000000. -80.00 180.0000 0.5603 -0.5504 -0.0759 -0.6723
100000. -80.00 195.0000 0.5475 -0.5340 -0.0528 -0.1084
1000000. -80.00 210.0000 0.5265 -0.5094 -0.0204 -0.1312
1000000. -80.00 225.0000 0.5028 -0.4831 0.0158 -0.1383
1000000. -80.00 240.0000 0.4816 -0.4603 0.0512 -0.1319
1000000. -80.00 255.0000 0.4656 -0.4432 0.0829 -0.1159
1000000. -eO.00 270.0000 0.4548 -0.4315 0.1093 -0.0934
1000000. -80.00 285.0000 0.4485 -0.4243 0.1290 -0.0665
1000000. -80.00 300.C:10 0.4455 -0.4210 0.1410 -0.0377
1000000. -80.00 315.0000 0.4451 -0.4205 0.1458 -0.0091
1000000. -80.00 330.0000 0.4464 -0.4220 0. 1444 0.0184
1000000. -80.00 345.0000 0.4493 -0.4257 0.1369 0.0443

1000000. -70.00 0. 0.3978 -0.3636 0.1479 0.0648
1000000. -70.00 15.0000 0.4117 -0.3807 0.1324 0.0836
1000000. -70.00 3C.0000 0.4308 -0.4046 0.1135 0.0951
1000000. -70.00 45.0000 0.4468 -0.4262 0.0921 0.0976
1000000. -70.00 60.0000 0.4587 -0.4419 0.0712 0.1002
1000000. -70.00 75.0000 0.4793 -0.4647 0.0480 0.1071
1000000. -70.00 90.0000 0.5109 -0.4998 0.0212 M.lOlO
1000000. -70.00 105.0000 0.5390 -0.5325 -0.0028 0.0835
1000000. -70.00 120.0000 0.5549 -0.5520 -0.0171 0.0540
1000000. -70.00 135.0000 0.5634 -0.5624 -0.0196 0.0279
1000000. -70.00 150.0000 0.5770 -0.5767 -0.0158 0.0063
1000000. -70.00 165.0000 0.5955 -0.5949 -0.0095 -0.0250
1000000. -70.00 180.0000 0.6007 -0.5969 0.0049 -0.0675
1000000. -70.00 195.0000 0.5849 -0.5754 0.0262 -0.1014
1000000. --70.00 210.0000 0.5564 -0.5415 0.0459 -0.1194
1000000. -70.00 225.0000 0.5219 -0.5024 0.0637 -0.:262
1000000. -70.00 240.0000 0.4d65 -0.4629 0.0836 -0.1241
1000000. -70.00 255.0000 0.4551 -0.4271 0.1076 -0.1145
1000000. -70.00 270.0000 0.4206 -0.3957 0.1336 -0.0962
1000000. -70.00 285.0000 0.4101 -0.3732 0.1561 -0.0671
1000000. -70.00 300.0000 0.4027 -0.3638 0.1691 -0.0345
1000000. -70.00 315.0000 0.3999 -0.3606 0.1729 -0.0071
1000000. -70.00 330.0000 0.3955 -0.3567 0.1699 0.0171
1000000. -70.00 345.0000 0.3929 -0.3559 0.1610 0.0417
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H PTA r B Bn By Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

100000C. -60.00 0. 0.3391 -0.3017 0.1la1L 0.0630
1000000. -60.00 15.0000 0.3510 -0.3179 0.1300 0.0725
1000000. -60.00 30.0000 0.3713 -0.3402 0.1228 0.0837
1000000. -60.00 45.0000 0.3997 -0.3722 0.1132 0.0911
1000000. -60.00 60.0000 0.4255 -0.4033 0.0970 0.0950
i000000. -60.00 75.0000 0.4549 -0.4367 0.0801 0.0992
1000000. -60.00 9G.0000 0.4918 -0.4777 0.0679 0.0954
1000000. -60.00 105.0000 0.5299 -0.5209 0.0561 0.0796
1000000. -60.00 120.0000 0.5599 -0.5558 0.0463 0.0491
1000000. -60.00 135.0000 0.q764 -0.5744 0.01062 0.0170
1000000. -60.00 150.0000 0.5611 -0.5851 0.0549 -0.0087
1000000. -60.00 165.0000 0.6024 -0.5967 0.0736 -0.0377
1000000. -60.00 180.0000 0.5923 -0.5792 0.0954 -0.0789
1000000. -60.00 195.0000 0.5553 -0.5339 0.1160 -0.0991
1000000. -60.00 210.0000 0.5208 -0.4936 0.1320 -0.1009
1000000. -60.00 225.0000 0.4948 -0.4646 0.1396 -0.0974
1000000. -60.00 240.0000 0.4714 -0.4382 0.1419 -0.1003
1000000. -60.00 255.0000 0.4403 -0.4003 0.1512 -0.1036
1000000. -60.00 270.0000 0.4041 -0.3561 0.1662 -0.0942
1000000. -60.00 285.0000 0.3709 -0.3152 0.1825 -0.0699
1000000. -60.00 300.0000 0.3493 --0.2888 0.1936 -0.0340
1000000. -60.00 315.0000 0.3374 -0.2779 0.1913 0.0007
1000000. -60.00 330.0000 0.3306 -0.2783 0.1762 0.0285
1000000. -60.00 345.0000 0.3309 -0.2e66 0.1578 0.0493

1000000. -50.00 0. 0.2959 -U.2583 0.1298 0.0632
1000000. -50.00 15.0000 0.3126 -0.2810 0.1201 0.0657
1000000. -50.00 30.0000 0.3326 -0.3037 0.1174 0.0681
1000000. -50.00 45.0000 0.3566 -0.3277 .1in7 0.0772
1000000. -50.00 60.0000 0.3899 -0.3626 0.1140 0.0870
1000000. -50.00 75.0000 0.4305 -0.4077 0.1032 0.0917
1000000. -50.00 90.0000 0.4704 -0.4535 0.0920 0.0844
1000000. -50.00 105.0000 0.5143 -0.5020 0.0884 0.0687
1000000. -50.00 120.0000 0.5470 -0.5378 0.0939 0.0353
1000000. -50.00 135.0000 0.5640 -0.5539 0.106 0.0027
1000000. -50.00 150.0000 0.5599 -0.544 0.1268 -0.0313
1000000. -50.00 145.0000 0.5513 -0.5290 0.1471 -0.0493
1000000. -50.00 130.0000 0.5337 -0.5040 0.1592 -0.0744
1000000. -50.00 195.0000 0.5037 -0.1686 0.1637 -0.0854
100000n, -50.00 210.0000 0.,4684 -0.4293 0.1654 -0.0877
1000000. -50.00 225.0000 0.4414 -0.3986 0.1711 -0.0817
1000000. -50.00 240.0000 0.4258 -0.3768 0.1796 -0.0338
1000000. -50.00 255.0000 0.3976 -0.3396 0.1858 -0.C910
000000. -50.00 270.0000 0.3602 -0.2918 0.1931 -0.0855
1000000. -50.00 285.0000 0.3212 -0.242T 0.2002 -0.0645
1000000. -50.00 300.0000 0.2909 -0.2109 0.1988 -0.0244
i000000. -5U.0n 315.0000 0.2778 -0.2062 0.1856 0.0157
1000000. -50.00 330.0000 0.2785 -0.2195 6.1663 0.0423
1000000. -50.00 315.0000 0.2837 -0.2367 0.1S55 0-.0571
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THEA FHI B Ez B Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oezsteds)

1000000. -40.00 0. 0.2703 -0.2347 0.1187 0.0626
1000000. -40.00 15.0000 0.2887 -0.2581 0.1171 0.0549
1000000. -40.00 30.0000 0.3026 -0.2714 0.121r 0.0557
1000000. -40.00 45.0000 0.3274 -0.2962 0.1241 0.0638
1000000. -40.00 60.0000 0.3629 -0.3305 0.1299 0.0750
1000000. -40.00 75.0000 0.4123 -0.3818 0.1318 0.0827
1000000. -40.00 90.0000 0.4619 -0.4361 0.1334 0.0733
1000000. -40.00 105.0000 0.5018 -0.4788 0.1411 0.0508
1000000. -40.00 120.0000 0.5287 -0.5054 0.1540 0.0194
1000000. -40.00 135.0000 0.5378 -0.5104 0.1691 -0.0104
100000C. -40.00 150.0000 0.5250 -0.4928 0.1770 -0.0379
1000000. -40.00 165.0000 0.5102 -0.4719 0.1865 -0.0536
1000000. -40.00 180.0000 0.481 -0.4395 0.1977 -0.0710
1000000. -40.00 195.0000 0.4538 -0.3978 0.2050 -0.0756
1000000. -40.00 210.0000 0.4297 -0.3706 0.2050 -0.0726
1000000. -40.00 225.0000 0.4065 -0.3418 0.2072 -0.0742
1000000. -40.00 240.0000 0.3821 -0.3103 0.2100 -0.0750
1000000. -40.00 255.0000 0.3536 -0.2737 0.2098 -0.0783
1000000. -40.00 270.0000 0.3168 -0.2266 0.20e4 -0.0745
1000000. -40.00 285.0000 0.2759 -0.1781 0.2038 -0.0534
1000000. -40.00 300.0000 0.2459 -0.11181 0.1959 -0.0124
1000000. -40.00 315.0000 0.2377 -0.1509 0.1814 0.0284
1000000. -40.00 330.0000 0.2427 -0.1738 0.1598 0.0563
1000000. -40.00 345.0000 0.2554 -0.2069 0.1343 0.0660

1000000. -30.30 0. 0.2664 -0.2289 0.1214 0.0618
1000000. -30.00 15.0000 0.2747 -0.2423 0.1218 0.0438
1000000. -30.00 30.0000 0.2892 -0.2552 0.1274 0.0477
1000000. -30.00 45.0000 0.3146 -0.2780 0.1399 0.0466
1000000. -30.00 60.0000 0.3429 -0.3005 0.1540 0.0596
1000000. -30.00 75.0000 0.3889 -0.3441 0.1682 0.0674
1000000. -30.00 90.0000 0.4359 -0.3929 0.1800 0.0574
1000000. -30.00 105.0000 0.4735 -0.4297 0.1959 0.0349
1000000. -30.00 120.0000 0.4930 -0.4427 0.2169 0.0024
1000000. -30.00 135.0000 0.4913 -0.4323 0.2327 -0.0183
1000000. -30.00 150.0000 0.4836 -0.4185 0.2395 -0.0378
1000000. -30.00 165.0000 0.4646 -0.3904 0.2k59 -0.0547
1000000. -30.00 180.0000 0.4373 -0.3549 0.2471 -0.0645
1000000. -30.00 195.0000 0.4082 -0.3222 0.2417 --0.066"'
1000000. -30.00 210.0000 0.3861 -0.2919 0.2439 -0.0661
1000800. -30.00 225.0000 3.3608 -0.2599 0.2417 -0.0650
1000000. -30.00 240.0000 0.3369 -0.2322 0.2356 -0.0640
1000000. -30.00 255.0000 0.3125 -0.2015 0.2295 -0.0662
1000000. -30.00 270.0000 0.2815 -0.1598 0.2234 -0.0619
1000000. -30.00 285.0000 0.2498 -0.il93 0.2151 -0.0407
1000000. -30.00 300.0000 0.2248 -0.0974 0.2026 -0.0003
1000000. -30.00 315.0000 0.2172 -0.1087 0.1837 0.0404
1000000. -30.00 330.0000 0.2263 -0.1436 0.1608 0.0689
1000000. -30.00 345.0000 0.2481 -0.1917 0.1334 0.C7MO
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H THETA PHI B Bz By BX

(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

1000000. -20.00 0. 0.2746 -0.2186 0.1536 0.0635

1000000. -20.00 Ih.000 0.2822 -0.2364 0.1493 0.0383

1000000. -20.00 30.0000 0.2918 -0.2420 0.1596 0.0334

1000000. -20.00 45.0000 0.3084 -0.298 0.1781 0.0322

1000000. -20.0 60.000C 0.3317 -0.2656 0.1940 0.0431

1000000. -20.00 75.0000 0.3653 -0.2930 0.2121 0.0511

1000000. -20.00 90.0000 0.4O70 -0.3336 0.2296 0.0410

1000000. -20.00 105.0000 0.4340 -0.3522 0.2531 0.0155

1000000. -20.00 120.0000 0.4405 -0.3461 0.2723 -0.0088

1000000. -20.00 135.0000 0.4342 -0.3318 0.2792 -0.0226

1000000. -20.00 150.0000 0.4237 -0.3142 0.2818 -0.0372

1000000. -20.00 165.0000 0.4035 -0.2866 0.2796 -0.0500

1000000. -20.00 180.0000 0.3812 -0.2542 0.2779 --0.0590

1000000. -20.00 195.0000 0.3620 -0.2248 0.2774 -0.0592

1000000. -20.00 210.0000 0.3377 -0.1940 0.2703 -0.0578

1000000. -20.00 225.0000 0.3175 -0.1694 0.2626 -0.0562

1000000. -20.00 240.0000 0.3012 -0.1480 0.2567 -0.0538

1000000. -20.00 255.0000 0.2836 -0.1223 0.2t-'6 -0.0564

1000000. -20.00 270.0000 0.2619 -0.0880 0.2413 -0.0510

1000000. -20.00 285.0000 0.2400 -0.0543 0.2318 -0.0301

1000000. -20.00 300.0000 0.2225 -0.0414 0.214 0.0111

1000000. -20.00 315.0000 0.2174 -0.0618 0.2019 0.0517

1000000. -20.00 330.0000 0.2266 -0.1070 0.1840 0.0777

1000000. -20.00 345.0000 0.2495 -0.1675 0.1649 0.0837

1000000. -10.00 0. 0.2726 -0.1747 0.2003 0.0608

1000000. -10.00 15.0000 0.2873 -0.1982 0.2050 0.0352

1000000. -10.00 30.0000 0.2935 -0.1995 0.2142 0.0210

1000000. -10.00 45.0000 0.3018 -0.1935 0.2309 0.0186

1000000. -10.00 60.0000 0.3202 -0.2008 0.2476 0.0306

1000000. -10.00 75.0000 0.3450 -0.2206 0.2627 0.0369

1000000. -10.00 90.0000 0.3755 -0.2489 0.2798 0.0267

1000000. -10.00 105.0000 0.3874 -0.2506 0.2955 0.0004

1000000. -10.00 120.0000 0.3859 -0.2303 0.3092 -0.0166

1000000. -10.00 135.0000 0.3793 -0.2116 0.3140 -0.0224

1000000. -10.00 150.0000 0.'91 -0.1962 0.3097 -0.0332

1000000. -10.00 165.0000 0.35-, -0.1727 0.3051 -0.0461

1000000. -10.00 180.0000 0.3361 -0.1421 0.2999 -0.0531

1000000. -10.00 195.0000 0.3166 -0.1145 0.2905 -0.0519

1000000. -10.00 210.0000 0.3018 -0.0924 0.2829 -0.0502

1000000. -10.00 225.0000 0.2888 -0.0743 0.2749 -0.0479

1000000. -10.00 240.0000 0.2780 -0.0572 0.2679 -0.0476

1000000. -10.00 255.0000 0.2709 -0.0368 0.2638 -0.0492

1000000. -10.00 270.0000 0.2632 -0.0061 0.2593 -0.0445

1000000. -10.00 285.0000 0.2538 0.0243 0.2517 -0.0217

1000000. -10.00 300.0000 0.2430 0.0320 0.2400 0.0210

1000000. -10.00 315.0000 0.2320 0.0019 0.2240 0.0605

1000000. -10.00 330.0000 0.2313 -0.0532 0.2082 0.0855

1000000. -10.00 345.0000 0.2502 -0.1230 0.1996 0.0874
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H 7flIETA PHI B Bz By BIC
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

1OOGOC. 0.00 C,. C.267Y -0.1015 0.2417 0.0543
1000000. O.0W 15.0000 0.2821 -0.1157 0.2558 0.0282
1000000. 0.00 30.000 0.2906 -0.1139 0.2671 0.0124
1000000. 0.00 45.0000 0.2958 -0.1012 0.2779 0.0086
1000000. 0.00 60.0000 0.3100 -0.0988 0.2932 0.0191
1000000. 0.00 75.0000 0.3291 -0.1132 0.3079 0.0261
1000000. 0.00 90.0000 0.3494 -0.1326 0.3228 0.0165
1000000. 0.00 105.0000 0.3568 -0.1276 0.3332 -0.0063
1000000. 0.00 120.0000 0.3474 -0.1034 0.3311 -0.0177
1000000. 0.00 135.0000 0.3346 -0.0864 0.3227 -0.0188
1000000. 0.00 150.0000 0.3236 -0.0746 0.3131 -0.027a
1000000. 0.00 165.0000 0.3109 -0.0546 0.3032 -0.0420
1000000. 0.00 180.0000 0.2995 -0.0262 0.2941 -0.0466
1000000. 0.00 195.0000 0.2941 -0.0036 0.2904 -0.0467
1000000. 0.00 210.0000 0.2873 0.0117 0.2836 -0.0445
1000000. 0.00 225.0000 0.2834 0.0241 0.2791 -0.0450
1000000. 0.00 240.0000 0.2844 0.037P 0.2782 -0.0453
1000000. 0.00 255.0000 0.2858 0.0596 0.2758 -0.0458
1000000. 0.00 270.0000 0.2881 0.0900 0.2707 -0.0405
1000000. 0.00 285.0000 0.2891 0.1190 0.2632 -0.0139
1000000. 0.00 300.0000 0.2781 0.1193 0.2496 0.0291
1000000. 0.00 315.0000 0.2633 0.0821 0.2409 0.0675
1000000. 0.00 330.0000 0.2525 0.0191 0.2347 0.0911
1000000. 0.00 345.0000 0.2533 -0.0545 0.2322 0.0854

100000O. 10.30 C. 0.2763 -0.0012 0.2727 0.0444
1000000. 10.00 15.0006 0.2856 -0.0050 0.2848 0.0209
1000000. 10.00 30.0000 0,2948 0.0034 0.2948 0.0056
1000000. 10.00 45.0000 0.3036 0.0162 0.3031 0.0020
1000000. 10.00 60.0000 0.3163 0.0247 0.3152 0.0086
1000000. 10.00 75.0000 0.3318 0.0167 0.3310 0.0163
1000000. 10000 90.0000 0.3447 0.0061 0.3445 0.0091
1000000. 10.00 105.0000 0.3435 0.0114 0.3432 -0.0061
1000000. 10.00 12C.0000 0.3363 0.0261 0.3351 -0.0108
1000000. 10.00 135.0000 0.3230 0.0343 0.3210 -0.0108
1000000. 10.00 150.0000 0.3067 0.0375 0.3038 -0.0188
1000000. 10.00 165.0000 0.2972 0.0519 0.2906 -0.0348
1000000. 10.00 180.0000 0.2908 0.0732 0.2784 -0.0413
1000000. 10.00 195.0000 0.2891 0.0938 0.2698 -0.0444
1000000. 10.00 210.0000 0.2944 0.1096 0.2691 -0.0437
1000000. 10.00 225.0000 0.3023 0.1231 0.2725 -0.0444
.000000. 10.00 240.0000 0.3121 0.1413 0.2745 -0.0457
1000000. 10.00 255.0000 0.3230 0.1643 0.'744 -0.0449
1000000. 10.00 270.0000 0.3353 0.1950 0.2703 -0.0367
1000000. 10.00 285.0000 f.3399 0.2213 0.2580 -0.0054
1000000. 10.00 300.0000 0.3265 0.2117 0.2459 0.0368
1000000. 10.00 315.0000 0.3042 0.1726 0.2403 0.0708
1000000. 10.00 330.0000 0.2820 0.1081 0.2435 0.0923
1000000. 10.00 345.0000 0.2704 0.0331 0.2561 0.0805
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H THETA PHI B B6 By BD0
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

1000000. 20.00 C. 0.3029 0.1142 0.2781 0.0371
1000000. 20.00 15.0000 0.3087 0.1142 0.2864 0.0167
1000000. 20.00 30.0000 0.3196 0.1264 0.2935 -0.0006
1000000. 20.00 45.0000 0.3327 0.1405 0.3016 -0.0049

1000000. 20.00 60.0000 0M3484 0.1540 0.3125 0.0001
1000000. 20.00 75.0000 0.3622 0.1565 0.3266 0.0056
i000000. 20.00 90.0000 0.3703 0.1539 0.3368 0.0056
1000000. 20.00 105.0000 0.3699 0.1515 0.3374 -0.0013
1000000. 20.00 120.0000 0.3610 0.1575 0.3248 -0.0009
1000000. 20.00 135.0000 0.3398 0.1488 0.305S 0.0021
1000000. 20.00 150.0000 0.3183 0.1375 0.2870 -0.0072
1000000. 20.00 165.0000 0.3025 0.1402 0.2668 -0.0253
1000000. 20.00 180.0000 0.3010 0.1567 0.2543 -0.0369
1000000. 20.00 195.0000 0.3097 0.1763 0.2506 -0.0441
1000000. 20.00 210.0000 0.3211 0.1956 0.2502 -0.0478
1000000. 20.00 225.0000 0.3392 0.2182 0.2550 -0.0495
1000000. 20.00 240.0000 0.3592 0.2429 0.2600 -0.0497
1000000. 20.00 255.0000 0.3780 0.2704 0.2601 -0.0458
1000000. 20.00 270.0000 0.3930 0.3012 0.2506 -0.0302
1000000. 20.00 285.0000 0.3947 0.3167 0.2355 0.0048
1000000. 20.00 300.0000 0.3765 0.2985 0.2253 0.0437
1000000. 20.00 315.0000 0.3475 0.2544 0.2253 0.0727
1000000. 20.00 330.0000 0.3194 0.1952 0.2372 0.0874
1000000. 00 34S.0000 0.3033 0.1379 0.2612 0.0690

1000000. 30.00 0. 0.3431 0.2271 0.2554 0.0308
1000000. 30.00 15.0000 0.3475 0.2262 0.2634 0.0142
1000000. 30.00 30.0000 0.3577 0.2376 0.2673 -0.0049
1000000. 30.00 45.0000 0.3743 0.2561 0.2728 -0.0117
1000000. 30.00 60.0000 0.3928 0.7747 0.2806 -G.0087
1000000. 30.00 75.0000 0.4052 0.2830 0.2900 -0.0028
1000000. 30.00 90.0000 0.41l6 0.2856 0.3005 0.0009

1000000. 30.00 105.0000 0.4152 0.2844 0.3025 0.0028
1000000. 30.00 120.0000 0.4039 0.2772 0.2935 0.010.
1000000. 30.00 135.0000 0.3822 0.2571 0.2824 0.0148
1000000. 30.00 150.0000 0.3546 0.2334 0.2669 0.0060
1000000. 30.00 165.0000 0.3348 0.2213 0.2510 -0.0133
1000000. 30.00 180.0000 0.3290 0.227S 0.2353 -0.0330
1000000. 30.00 195.0000 0.3401 0.2482 0.2280 -0.063
1000000. 30.00 210.000G 0.3585 0.2723 0.2270 -0.0531
1000000. 30.00 225.0000 0.3843 0.3035 0.2235 -0.0578
1000000. 30.00 240.0000 0.4110 t.3372 0.2286 -0.0547

1000000. 30.00 255.0000 0.4357 0.3705 0.2248 -0.0453
1000000. 30.00 270.0000 0.4490 0.3944 0.2136 -0.0213
1000000. 30.00 285.0000 0.4452 0.39T3 0.2005 0.0141
1000000. 30.00 309.0000 0.4244 0.3732 0.1957 0.0499
1000000. 30.00 315.0000 0.3930 0.3296 0.2012 0.0729
1000000. 30.00 330.0000 0.3600 0.2757 0.2185 0.0765
1000000. 30.00 345.0000 0.3469 0.2413 0.2421 0.0594
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H THFrA PI B Bz By Bc

(feet) (degrees) (degrees) (oerstcds) (oersteds) (oeratds) (oersteds)

1000000. 40.00 0. 0.3784 0.3111 0.2131 0.0283

1000000. 40.00 15.0000 0.3821 0.3125 0.2196 0.0097

1000000. 40.00 30.0000 0.3941 0.3254 0.2233 -0.0069

1000000. 40.00 45.0000 0.4104 0.3431 0.2245 -0.0174

IOOOOCO. 40.00 60.0000 0.4318 0.3652 0.2298 -0.0173

1000000. 40.00 5 .0000 0.4491 0.3799 0.2393 -0.0114

1000000. 40.00 90.0000 0.4627 0.3912 0.2470 -0.0070

1000000. 40.00 105.0000 0.4697 0.3957 0.2529 0.0051

1000000. 40.00 120.0000 0.4573 0.3820 0.2507 0.0183

1000000. 40.00 135.0000 0.4303 0.3533 0.2442 0.0264

1000000. 40.00 150.0000 0.3966 0.3179 0.2364 0.0179

1000000. 40.00 165.0000 0.3755 0.2984 0.2279 -0.0034

1000000. 40.00 180.0000 0.3692 0.2965 0.2182 -0.0286

1000000. 40.00 195.0000 0.3826 0.3172 0.2088 -0.0466

1000000. 40.00 210.0000 0.4037 0.3445 0.2021 -0.0587

1000000. 40.00 225.0000 0.4316 0.3792 0.1963 -0.0627

1000000. 40.00 240.0000 0.4596 0.4151 0.1886 -0.0578

1000000. 40.00 255.0000 0.4848 0.4493 0.1772 -0.0420

1000000. 40.00 270.0000 0.4944 0.4666 0.1628 -0.0124

1000000. 40.00 285.0000 0.4860 0.4605 0.1537 0.0222

1000000. 40.00 300.0000 0.4603 0.4305 0.1536 0.0546

1000000. 40.00 315.0000 0.4310 0.3914 0.1667 0.0688

1000000. 40.00 330.0000 0.4047 0.3524 0.1879 0.0656

1000000. 40.00 34S.0000 0.3910 0.3289 0.2041 0.0554

1000000. 50.00 0. 0.4-Z2 0.372! 0.1710 0.0261

1000000. 50.00 15.0000 0.4149 0.3751 0.1772 0.0070

1000000. 50.00 10.0000 0.4241 0.3851 0.1773 -0.0089

1000000. 50.OG 45.0000 0.4404 0.4027 0.177u -0.0211

1000000. 50.00 60.0000 0.4623 0.4268 0.1758 -0.0257

1000000. 50.00 75.0000 0.4826 0.4478 0.1788 -0.0208

1000000. 50.00 90.0000 0.4994 0.4639 0.1843 -0.0138

1000000. 50.O 105,0000 0.5056 0.4705 0.1851 0.0039

IOOOOCO. 50.00 120.0000 0.4913 0.4588 0.1908 0.0196

1000000. 50.00 135.0000 0.4778 0-4328 0.2001 0.0307

1000000. 50.00 150.0000 0.4500 0.3991 0.2066 0.0233

1000000. 50.00 165.0000 0.4310 0.3790 0.2052 0.0038

1000000. 50.00 130.O00C 0.4186 0.3700 C.1947 -0.0211

1000000. 50.00 195.0000 0.4249 0.3822 0.1804 -0.0440

1000000. 50.00 210.0000 0.4440 0.4069 0.166t -0.0604

1000000. 50.00 225.0000 0.4726 0.4425 0.1532 -0.0637

1000000. 50.00 240.0000 0.4980 0.4754 0.1375 -0.0553

1030000. 50.00 255.0000 0.5138 0.4988 0.1189 -0.0320

1003000. 50.00 270.0000 0.5133 0.5027 0.1036 -0.0026

1000000. 50.00 285.0000 0.5044 0.4937 0.0998 0.0264

1000000. 50.00 300.0000 0.4850 0.4691 0.1111 0.0536

1000000, 50.00 315.0000 0.4584 0.4363 0.1252 0 0645

100000. 50.00 330.0000 0.4329 0.4047 0.1405 0.0621

1000000. 50.00 345.0000 0.4158 0.3822 0.165 0.0483
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H THETA PHI B 8S By Bx
(feet) (degrees) (degrees) (oersteds) (oernteds) (oersteds) (oersteds)

1000000. 60.00 0. 0.4358 0.4153 0.1300 0.0231

1000000. 60.00 15.0000 0.4391 0.4181 0.1338 0.0062

1000000. 60.00 30.0000 0.4460 0.4256 0.1331 -0.0090

1000000. 60.00 45.0000 0.4576 0.4391 0.1272 -0.0214

1000000. 60.00 60.0000 0.4731 0.4563 0.1214 -0.0298

1000000. 60.00 75.0000 0.4980 0.4821 0.1203 -0.0332

1000000. 60.00 90.0000 0.5223 0.5075 0.1220 -0.0209

1000000. 60.00 105.0000 0.5287 0.5129 0.1283 -0.0017

1000000. 60.00 120.0000 0.5282 0.5099 0.1370 0.0128

1000000. 60.00 135.0000 0.5151 0.4935 0.1450 0.0275

1000000. 60.00 150.0000 0.4909 0.4662 0.1520 0.0234

1000000. 60.00 165.0000 0.4746 0.4482 0.1558 0.0076

1000000. 60.00 180.0000 0.4635 0.4365 0.1553 -0.0140

1000000. 60.00 195.0000 0.4660 0.4411 0.1453 -0.0381

1000000. 60.00 210.0000 0.4797 0.4591 0.1281 -0.0540

1000000. 60.00 225.0000 0.4992 0.1845 0.1058 -0.0569

1000000. 60.00 240.0000 0.5159 0.5070 0.0843 -0.0453

1000000. 60.00 255.0000 0.5243 0.5193 0.0685 -0.0209

1000000. 60.00 270.0000 0.5166 0.5129 0.0606 0.0085

100000. 60.00 285.0000 0.5024 0.4980 0.0596 0.0287

1000000. 60.00 300.0000 0.4922 0.4852 0.0678 0.01981

1000000. 60.00 315.0000 0.4717 0.4599 0.0848 0.0616

1000000. 60.00 330.0000 0.4495 0.4337 0.1038 0.056

1000000. 60.00 345.0000 0.4387 0.4199 0.1201 0.012

1000000. 70.00 0. 0.4564 0.4460 0.0943 0.021

1000000. 70.00 15.0000 0.4585 0.4479 0.0978 0.0068

1000000. 70.00 30.0000 0.4621 0.4519 0.0967 -0.0061

1000000. 70.00 45.0000 0.4673 0.k576 0.0928 -0.0187

1000000. 70.00 60.0000 0.4786 0.4697 0.0860 -0.0316

1000000. 70.00 75.0000 0.4986 0.4913 0.0761 -0.0380

1000000. 70.00 90.0000 0.5199 0.5145 0.0680 -0.0312

1000000. 70.00 105.0000 0.5353 0.5308 0.0670 -0.0161

1000000. 70.00 120.0000 0.5415 0.5367 0.0722 0.0026

1000000. 70.00 135.0000 0.5333 0.5264 0.0838 0.0185

1000000o. 70.00 150.0000 0.5166 0.5070 0.0974 0.0182

1000000. 70.00 165.0000 0.5044 0.4935 0.10.4 0.0050

1000000. 70.00 180.0000 0.4986 0.4876 0.1033 -0.0115

1000000. 70.00 195.0000 0.4977 0.1881 0.0935 -0.0277

1000000. 70.00 210.0000 0.5018 0.4944 0.0766 -0.0386

1000000. 70.00 225.0000 0.5089 0.5041 0.0569 -0.0402

1000000. 70.00 240.0000 0.5168 0.5143 0.0390 -0.0317

1000000. 70.00 255.0000 0.5223 0.5214 0.026? -0.012

1000000. 70.00 270.0000 0.5190 0.5183 0.0238 0.0128

1000000. 70.00 285.0000 0.5074 O.5O55 0.0286 0.0332

1000000. 70.00 300.0000 0.4935 0.4898 0.0381 0.0471

1000000. 70.00 315.000C 0.4782 0.4721 0.0535 0.0536

1000000. 70.00 330.0000 0.4649 0.4568 0.0713 0.0485

1000000. 70.00 345.0000 0.4580 0.4485 0:08504 0.0361
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H THM7A PHI B BZEr Br
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

1000000. 80.00 0. 0.4769 0.4725 0.0619 0.0193
1000000. 80.00 15.0000 0.4778 0.4732 0.0659 0.0074
1000000. 80.00 30.0000 0.4803 0.4756 0.0662 -0.0050
IG0000. 80.00 45.0000 0.4847 0.4804 0.0626 -0.0169
1000000. 80.0C 60.0000 0.4916 0.4378 0.0551 -0.0264
1000000. 80.00 75.0000 0.5003 0.4973 0.0448 -0.0312
1000000. 80.00 90.OO, 0.5093 0.5073 0.0344 -0.0299
1000000. 80.00 105.0000 0.5169 0.5157 0.0269 -0.0230
1000000. 80.00 120.0000 A-5216 0.5208 0.0245 -0.0133
1000000. 80.00 135.0000 0.5225 0.5217 0.0273 -0.0049
1000000. 80.00 150.0000 0.5202 0.5192 0.0328 -0.0011
1000000. 80.00 165.0000 0.5163 0.5150 0.0373 -0.0028
IO000O0. 80.00 180.0000 0.5122 0.5107 0.0380 -0.0082
1000000. 80.00 195.0000 0.5090 0.5077 0.0338 -0.0144
1000000. 80.00 210.0000 0.5074 0.5064 0.0254 -0.0186
1000000. 80.00 225.0000 0.5073 0.5068 0.0113 -0,0181
1000000. 80.00 240.0000 0.5078 0.5076 0.0037 -0.0112
1000000. 80.00 255.0000 0.5071 0.5071 -0.0033 0.0014
1000000. 80.00 270.0000 0.5040 0.5037 -0.0038 0.0168
1000000. 80.00 285.0000 0.4982 0.4973 0.0027 0.0307
1000000. 80.00 300.0000 0.4912 0.4894 0.0145 0.0396
1000000. 80.00 315.0000 0.4847 0.4820 0.0288. 0.0419
1000000. 80.00 330.0000 0.4800 0.4765 0.0421 0.0382
1000000. 80.00 345.0000 0.477, 0.4734 0.0541 0.0300

1000000. 90.00 C. 0.5003 0.4996 0 0
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(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

2000000. -90.00 0. 0.4330 -0.4204 0 0

2000000. -80.00 0. 0.3973 -0.3706 0.1056 0.0582

200000. -80.00 15.0000 0.4028 -0.3858 0.0890 0.0741
2000000. -80.00 30.0000 0.4092 -0.3942 0.0694 0.0851

2000000. -80.00 45.0000 0.4162 -0.4031 0.0483 0.0913

2000000. -80.00 60.0000 0.4238 -0.4125 0.0265 0.0935

2000000. -80.00 75.0000 0.4326 -0.4228 0.0041 0.0913

2000000. -80.00 90.0000 0.4425 -0.4341 -0.0180 0.0838

2000000. -80.00 105.0000 0.4529 -0.4458 -0.0371 0.0701

2000000. -80.00 120.0000 0.4630 -0.4571 -0.0533 0.0510

2000000. -80.00 135.0000 0.4722 -0.4671 -0.0637 0.0276

2000000. -80.00 150.0000 0.4795 -0.4746 -0.0685 0.0003

2000000. -80.00 165.0000 0.4832 -0.4777 -0.0666 -0.0300

2000000. -80.00 180.0000 0.4813 -0.4741 -0.0562 -0.0606

200000. -80.00 195.0000 0.4730 -0.4635 -0.0372 -0.0868

2000000. -80.00 210.0000 0.4596 0.4474 -0,0116 -0.1045

2000000. -80.00 225.0000 0.4436 -0.4290 0.0171 -0.1117

2000000. -80.00 240.0000 0.4280 -0.4113 0.0459 -0.1089

2000000. -80.00 255.0000 0.4146 -0.3964 0.0724 -0.0977

2000000. -80.00 270.0000 0.4045 -0.3850 0.0948 -0.0800

2000000. -80.00 285.0000 0.3976 -0.3772 0.1116 -0u0579

2000000. -80.00 300.0000 0.3935 -0.3726 0.1222 -0.0335

2000000. -80.00 315.0000 0.3917 -0.3707 0.1264 -0.0086

2M10000. -80.00 330.0000 0.3918 -0.3710 0.12%8 0.0156

2000000. -80.00 3h5.0000 0.3936 -0.3736 0.1177 0.0382

2030000. -70.00 0. 0.3514 -0.3237 0.1247 0.0564

2000000. -70.00 15.0000 0.3623 -0.3375 0.1109 0.0709

2000000. -70.00 30.0000 0.3766 -0.3554 0.0952 0.0804

2000000. -70.00 45.0000 0.3910 -0.3736 0.0778 0.0848

2000000. -70.00 60.0000 0.050 -0.3909 0.0597 0.0874

2000000. -70.00 75.0000 0.4231 -0.4116 0.0403 0.0891

2000000. -70.00 90.0000 0.4461 -0.%377 0.0196 0.0841

2000000. -70.00 105.0000 0.4678 -0.4628 0,0013 0.0681

2000000. -70.00 120.0000 0.4828 -0.4806 -0.0102 0.0449

2000000. -70.00 135.0000 0.4928 -0.4921 -0.0137 0.0216

2000000. -70.00 150.0000 0.5030 -0.5029 -0.0117 -0.0009

2000000. -10.00 165.0000 0.5123 -0.5115 -0.0055 -0.0281

2000000. -70.00 180.0000 0.5122 -0.5087 0.0073 -0.0592

2000000. -70.00 195.0000 0.4989 -0.4911 0.0255 -0.0843

2000000. -70.00 210.0000 0.4769 -0.4646 0.0%40 -0.0983

2000000. -70.00 225.0000 0.4512 -0.4349 0.0612 -0.1035

2000000. -70.00 240.0000 0.4249 -0.4048 0.0789 -0.1023

2000000. -70.00 255.0000 0.4003 -0.3762 0.0986 -0.0947

2000000. -70.00 270.0000 0.3790 -0.3510 0.1191 -0.07?5

2000000. -70.00 285.0000 0.3633 -0.3320 0.1364 -0.0567

2000000. -70.00 300.0000 0.3543 -0.3211 0.1%67 -0.0302

2000000. -70.00 315.0000 0.3498 -0.3164 0.1491 -0.0051

2000000- -70.00 330.0000 0.3469 -0.3146 0.1452 0.0172

2000000. -70.00 345.0000 0.3464 -0.3161 0.1365 0.0380
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(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

2000000. -60.00 0. 0.3032 -0.2713 0.1234 0.0552
2000000. -60.00 15.0000 0.3146 -0.2867 0.1131 0.0635

2000000. -60.00 30.0000 0.3319 -0.3066 0.1051 0.0717
2000000. -60.00 45.0000 0.3540 -0.3318 0.0960 0.0778
2000000. -60.00 60.0000 0.3768 -0.3583 0.0837 0.0814
2000000. -60.00 75.0000 0.4026 -0.3877 0.0699 0.0831
2000000. -60.00 90.OOOC 0.4326 -0.4215 0.0579 0.0785
2000000. -60.00 105.0000 C.46:3 -0.4561 0.0475 0.0639

2000000. -60.00 12C.0000 0.4864 -0.4831 0.040 0.0392
2000000. -60.00 135.00C0 0.5001 -0.4983 0.040 0.0125
2000000. -60.00 150.0000 0.5084 -0.5059 0.0495 -0.0113
2000000. -60.00 165.0000 0.5143 -0.5090 0.v636 -0.0361
2000000. -60.00 180.OOOC 0.5052 -0.4946 0.0801 -0.0648

2000000. -60.00 195.0000 0.4797 -0.4628 0.0964 -0.0817
2000U00. -60.00 210.0000 0.4526 -0.4306 0.1095 -0.0858
2000000. -60.00 225.0000 0.4293 -0.4039 0.1181 -0.0849

2000000. -60.00 240.0000 0.4075 -0.3785 0.1240 -0.0861

2000000. -60.00 255.0000 0.3814 -0.3468 0.1335 -0.0862

2000000. -60.00 270.0000 0.3525 -0.3112 0.1465 -0.0770

2000000. -60.00 265.0000 0.3266 -0.2794 0.1593 -0.0563

2000000. -60.00 30C.0000 0.3086 -0.2584 0M1665 -00.0272
2000000. -60.00 315.0000 0.2987 -0.2498 0.1637 0.0020

2000000. -60.00 330.0000 0.2944 -0.2507 0.1521 0.0256
2000000. -60.00 345.0000 0.2957 -0.2583 0.1373 0.0434

2000000. -50.00 G. 0.2664 -0.2334 0.1160 0.0551

2000000. -50.00 15.0000 0.2608 -0.2529 0M078 0.0572
2000000. -50.00 30.0000 0.2979 -0.2723 0.1052 0.0598

2000000. -50.00 45.0000 0.3195 -0.2946 0. 1042 0.0666

2000000. -50.00 60.0000 6.3478 -0.3247 0.1004 0.0737

2000000. -50.00 75.0000 G.3615 -0.3622 0.0924 0.0765

2000000. -50.00 90.0000 C.4156 -0.4009 0.0843 0.0698

2000000. -50.00 105.0000 0.4499 -0.4392 0.0812 0.0547

2000000. -50.00 120.0000 0.4756 -0.4671 0.0850 0.0286

2000000. -50.00 135.0000 0.4887 -0.4796 0.0942 0.0007

2000000. -50.00 150.0000 0.4870 -0.4741 0.1087 -0.0254

2000000. -50.00 165.0000 0.4798 -0.4614 0.1240 -0.0436

2000000. -50.00 180.0000 0.4644 -0.4399 0.1351 -0.0630

2uo000. -50.00 195.0000 G.4390 -0.4091 0.1415 -0.0729

2000000. -50.00 210.0000 0.4112 -0.3772 0.1455 -0.0749

2000000. -50.00 225.0000 0.3881 -0.3503 0.1506 -0.0722

2000000. -50.00 240.0000 0.3707 -0.3278 0.1568 -0.0734

2000000. -50.00 255.0000 0.3461 -0.2958 0.1627 -0.0762

2000000. -50.00 270.0000 0.3154 -0.2568 0.1691 -0.0704

2000000. -50.00 285.0000 0.2840 -0.2181 0.1745 -0.0514

2000000. -50.00 300.OU0O 0.2602 -0.1929 0.1736 -0.0192

2000000. -50.00 315.0000 0.2499 -0.1886 0.163S 0.0135

2000000. -50.00 330.0000 0.2501 -0.1990 0.1470 0.0367

2000000. -50.00 345.0000 0.2557 -0.2147 0.1296 0.0496
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2000000. -40.00 0. 0.2437 -0.2106 0.109T 0.0546
2000000. -40.00 15.0000 0.2586 -0.2302 0.1072 0.0491
2000000. -40.00 30.0000 0.2729 -0.2449 0.1098 0.0495
2000000. -40.00 45.0000 0.2944 -0.2664 0.1126 0.0550
2000010. -40.00 60.0000 0.3239 -0.2953 0.1169 0.063k
2000000. -40.00 75.0000 0.3630 -0.3363 0. '131 0.0681
2000000. -40.00 90.0000 0.4029 -0.3800 0.198 0.0601
2000000. -40.00 105.0000 0.4360 -0.4154 0.1258 0.0416
2000000. -40.00 120.0000 0-4575 -0.4365 0.1-61 0.0158
2000000. -40.00 135.0000 0.4648 -0.4405 0.1480 -0.0093
2000000. -40.00 150.0000 0.4566 -0.4279 0.1562 -0.0315
2000000. -40.0 165.0000 0.4431 -0.4087 0.1646 -0.0464
2000000. -40.00 180.0000 0.4234 -0.3817 0.1732 -0.0602
2000000. -40.00 195.0000 0.3972 -0.3488 0.1786 -0.0649
2000000. -40.00 210.0000 0.3750 -0.3227 0.1799 -0.0641
2000000. -'0.00 225.0000 0.3539 -0.2967 0.1818 -0.0649
2000000. -40.00 240.0000 0.3326 -0.2693 0.1839 -0.0651
2000000. -40.00 255.0000 0.3079 -0.2378 0.1840 -0.0664
2000000. -40.00 270.0000 0.277t -0.1989 0.1836 -0.0614
2000000. -40.00 2&5.0000 0.2458 -0.1606 0.1811 -0.0426
2000000. -40.00 300.0000 0.2223 -0.1375 0.1745 -0.0094
2000000. -40.00 315.0000 0.2149 -0.1393 0.1618 0.0243
2000000. -40.00 330.0000 0.2189 -0.1583 0.1M435 0.0478
2000000. -40.00 345.0000 0.2300 -0.1858 0.1230 0.0567

2000000. -30.0k V. 0.2363 -0.1993 0.1149 0.0541
2000000. -30.00 15.0000 0.2463 -0.2145 4.1138 0.0409
2000000. -30.00 30.0000 C.2592 -0.2267 0.1187 0.0411
2000000. -30.00 45.0000 0-7799 -0.2451 0.1286 0.0419

2000000. -30.00 60.0000 0,3050 -0.2663 0.1398 0.0506
2000000. -30.00 75.0000 0.3420 -0.3019 0. I507 0.0558
2000000. -30.00 90.0000 0.3801 -0.3),13 O.1604 0.0475
2000000. -30.00 105.0000 0.4101 -0.3707 0.1730 0.0282
2000000. -30.00 120.0000 0.4255 -0.3813 0.1888 0.0029
2000000. -30.00 135.0000 0.4252 -0.37k% 0.2009 -0.0156

2000000. -30.00 150.0000 0.13i78 -0.3615 0.2069 -0.0323

2000000. -30.00 165.0000 0.4020 -0.3384 0.2119 -0.0466

2000000. -30.00 180.0000 0.3797 -0.3090 0.2136 -0.0553

2000000. -30.00 195.0000 0.3569 -0.2802 0.2116 -0.0577

2000000. -30.00 210.0000 0.3355 -0.2535 0.2121 -0.0579
2000000. -30.00 225.0000 0.3145 -0.2266 0.21C'6 -0.0569

2000000. -30.00 2un.OOOC 0.2942 -0.2019 0.2066 -0.0561

2000000. -30.00 255.0000 0.2729 -0.1741 0.2024 -0.0568

2000000. -30.00 270.0000 0.2473 -0.1394 0.1977 -0.0516

2000000. -30.00 285.0C00 0.2213 -0.1063 0.1913 -0.0328
2000000. -30.00 300.0000 0.2017 -0.0892 0.1809 0.0005
2000000. -30.00 315.0000 0.1957 -0.0985 0.1655 9.0345
2000000. -30.00 330.0000 0.2031 -0.1279 0.1469 0.0579
2000000. -30.00 345.0000 0.2203 -0.1674 0.1282 0.0638
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2000000. -20.00 V. 0.2379 -0.181i 0.1404 0.0547
2000000. -20.00 15.0000 0.2467 -0.2012 0.1.383 0.0357
2C09000. -20.00 3C.0000 0.2565 -0.2004 0.1465 0.0302
20000(Aj. -20.00 45.0000 G.271C -0.2162 0.1607 0.0296
2C00000. -20.00 60.0000 0.2912 -0.2304 0.1740 0.031"
2000000. -20.00 75.0000 0.3200 -0.2551 0.1884 0.0b28
2000000. -20.00 90.0000 0.3527 -0.2868 0.2024 0.0342
2000000. -0.00 105.0000 0.3;'44 -0.3026 0.2201 0.0136
2000000. -20.00 120.0000 0.3807 -0.2993 0.2352 -0.0064
2000000. -20.00 135.0000 0.3164 -0.2878 0.2419 -0.0190
2000000° -20.00 150.0000 0.3612 -0.2725 0.2441 -0.0318
20u060. -20.00 165.0000 0.3510 -0.2497 0.243u -0.0432
2000000. -20.03 180.0000 0.3321 -0.2221 0.2416 -0.0507
2000000. -20.00 195.0000 0.3138 -0.1956 0.2399 -0.6517
2000000. -20.00 210.0000 0.2944 -0.1697 0.2351 -0.0510
2000000. -20.00 225.0000 0.2772 -0.1477 0.2295 -0.0495
2000000. -20.00 240.0000 0.2626 -0.1276 0.2243 -0.0479
2000000. -20.00 255.0000 0.2475 -0,1046 0.2189 -0.0487
2000000. -20.00 27C.0000 0.2297 -0.0752 0.212r -0.0432
2000006. -20.00 285.0000 0.2119 -0.0472 0.2052 -0.0241
2000000. -20.00 300.0000 0.1979 -0.0369 0.1942 0.0099
2000000. -20.00 315.0000 0.1930 -0.0542 0.1800 0.0435
2000000. -20.00 330.0000 0.1997 -0.0925 0.1644 0.0656
2000000. -20.30 345.000G 0.2179 -0.1423 O.1WN3 0.0702

2000000. -10.00 0. 0.234' -0.1441 0.1772 0.0528
2000000. -10.00 15.0000 0.2469 -0.1642 0.1816 0.0320
2000000. -10.00 30.0000 0.2536 -0.1672 0.1896 0.0202
2000000. -10.00 45.0000 0.2622 -0.1649 0.2031 0.0184
2000000. -10.00 60.0000 0.2779 -0.1715 0.2170 0.0266
2000000. -10.00 75.0000 0.2991 -0.1887 0.2301 0.0311
2000000. -10.00 90.0000 0.3236 -0.2111 0.2443 0.0226
2000000. -10.00 105.0000 0.3351 -0.2145 0.2574 0.0021
2000000. -10.00 120.0000 0.3345 -0.2002 0.2676 -0.0124
2000000. -10.00 135.0000 0.3285 -0.1853 0.2706 -0.0191
200000. -10.00 150.0000 0.3190 -0.1716 0.2674 -0.0287
2000000. -:0.00 165.0000 0.3061 -0.1511 0.2633 -0.0397
2000000. -10.00 180.0000 0.2911 -0.1251 0.2589 -0.0459
2000000. -10.00 196.0000 0.216l -0.1014 0.2527 -0.0459
2000000. -10.00 21C.0000 0.2633 -0.0813 0.2464 -0.0447
2000000. -1n.00 225.C000 0.2525 -0.0642 0.2404 -0.0430
20G0000. -10.00 240.0000 0.2438 -0.0481 0.2351 -0.0427
2000000. -10.00 255.0000 0.2369 -0.0285 0.2312 -0.0429
2000000. -10.00 270.0000 O.z300 -0.0022 0.2269 -0.0373
2000000. -10.00 285.0000 3.2220 0.0225 0.2202 -0.0171
2000000. -10.00 300.0000 0.2126 0.0275 0.2100 0.0179
2000000. -10.00 315.0000 0.2038 0.0026 0.1973 0.0511
2000000. -10.00 330.0000 0.2032 -0.0436 0.1850 0.0718
2000000. -10.00 345.0000 0.2166 -0.1008 0.1773 0.0729
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2000000. 0.00 0. 0.2308 -0.0799 0.2112 0.0477
2000000. 0.00 15.0000 0.218 -0.0936 0.2215 0.0262
2000000. 0.00 30.0000 0.2495 -0.0931 0.2311 0.0130

2000000. 0.00 11.0000 0.2555 -0.0848 0.2408 0.0098
2000000. 0.00 60.0000 0.2677 -0.0841 0.2535 0.0170
2000000. 0.00 75-0000 0.2842 -0.0961 0.2665 0.0219
2000000. 0.00 90.0000 0.3004 -0.1111 0.2Y88 0.0141
2000000. 0.00 105.0000 0.3065 -0.1083 0.2868 -0.0035
2000000. 0.00 120.0000 C.3008 -0.0912 0.2863 -0.0134

2000000. 0.00 135.0000 0.291 -0.0775 0.2804 -0.016Z

2000000. 0.00 150.0000 0.2818 -0.0669 0.2721 -0.0239

2000000. 0.00 165.0000 0.2714 -0.0499 0.2644 -0.0357
2000000. 0.00 180.0000 0.2618 -0.0264 0.2572 -0.0408

2000000. 0.00 195.0000 0.2555 -0.0062 0.2521 -0.0415
2000000. 0.00 210.0000 0.2505 0.0090 0.2471 -0.04(j
2000000. 0.00 225.0000 0.2476 0.0216 0.2435 -0.0393
2000000. 0.00 240.0000 0.2480 0.0358 0.2421 -0.0403

2000000. 0.00 255.0000 0.2496 0.0555 0.2400 -0.0399

2000000. 0.00 270.0000 0.2514 0.0813 0.2355 -0.0335
2000000. 0.00 285.0000 0.2512 0.1041 0.2283 -0.0106
2000000. 0.00 300.0000 0.2422 0.1034 0.2176 0.0248

2000000. 0.00 315.0000 0.2292 0.0725 0.2099 0.0568
2000000. 0.00 330.0000 0.2193 0.0199 0.2047 0.0760
2000000. 0.00 345.0000 0.2198 -0.0403 0.2039 0.0717

2000000. 10.00 0. 0.2384 0.0056 0.2349 0,0403

2000000. 10.00 15.0000 0.246! 0.0000 0.245;: 0.0202

2000000. 10.00 30.0000 0.2537 0.0054 0.2536 0.0071
2000000. 10.00 45.0000 0.2619 0.0149 0.26B5 0.0036

2000000, 10.00 60.0000 0.2729 0.0211 0.2719 0.0085
2000000. 10.00 75.0000 0.2854 0.0151 0.2841 0.0136

2000000. 10.00 90.0000 0.2959 0.0070 0.2957 0.0083

2000000. 10.00 105.0000 0.2967 0.0102 0.2965 -0,0037
2000000. 10.00 120.0009 0.2912 0.0214 0.2903 -0.0085

2000(30. 10.00 135.0000 0.2805 0.0276 0.2790 -0.0098
2000000. 10.00 150.0000 0.2681 0.0308 0.2651 -0.0170
2000000. 10.00 165.0000 0.2594 0.0429 0.2541 -0.0298

2000000. 10.00 180.0000 0.2543 0.0611 0.2441 -0.0364

2300000. 10.00 195.0000 0.2538 0.0794 0.2378 -0.0394

2000000. 10.00 210.0000 0.2576 C.09114 0.2364 -0.0394

2000000. 10.00 225.0000 0.2643 0.1083 C.2377 -0.0399

2000000. 10.00 240.0000 0.2726 041250 0.2388 -0.0405

2000000. 10.00 2S5.0000 0.2816 0.1457 0.2378 -0.0381

2000000. 10.00 270.0000 0.2911 0.1713 0.2334 -0.0299
2000000. 10.00 285.0000 0.2941 0.1911 0.2236 -0.0037

2000000. 10.00 300.0000 0.2831 0.1829 0.2138 0.0311

2000000. 10.00 315.0000 0,v642 0,1496 0.2095 0.0598
2000000. 10.00 330.0000 0.2452 .0961 0.2122 0.0766

2000000. 10.00 345.0000 0.23),9 0.0363 0.2220 0.0676
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200000C. 20.00 0. 0.2628 0.1035 0.239! 0.0343
2000000. 20.00 15.0000 0.2671 0.1009 0.2467 0.0161
2000000. 20.00 3C.0000 0.2757 0.1093 0.2531 0.0021
2000000. 20.00 45.0000 0.2867 0.1211 0.2599 -0.0021
2000000. 20.00 60.0000 0.2994 0.1313 0.2691 0.0010
2000000. 2n.00 75.0000 0.1335 0.2805 0.0052
2000000. 20.00 90.0000 0.3176 0.1312 0.2892 0.0048
2000000. 20.00 105.0000 -?T 0.1307 0.2899 -0.0006
2000000. 2U 00 120.0000 0.3109 0.1335 0.2807 -0.0010
2000000. 20.00 135.0000 0.2955 0.1277 0.2665 0.0001
2000000. 20.00 150.0000 0.2789 0.1201 0.2516 -0.0078
2000000. 20.00 165.0000 0.2672 0.1228 0.2362 -0.0223
2000000. 20.00 180.0000 0.2655 0.1363 0.225* -0.0325
2000000. 20.00 195.0000 0.2716 0.1531 0.2208 -0.0391
2000000. 20.00 210.UOOO 0.2819 0.1710 0.2201 -0.0422
2000000. 20.00 225.0000 0.2965 0.1908 0.2227 -0.0436
2000000. 20.00 240.0000 0.3128 0.2128 0.2252 -0.0432
2000000. 20.00 255.0000 0.3285 0.2369 0.2242 -0.0387
2000000. 20.00 270.0000 0.3402 0.2615 0.2162 -0.0245
2000000. 20.00 285.0000 0.3411 0.2729 0.2045 0.002
2000000. 20.00 300.0000 0.3265 0.2580 0.1968 0.0367
2000000. 20.00 315.0000 0.3029 0.221? 0.1971 0.0612
2000000. 20.00 330.0000 0.2787 0.1721 0.2069 0.0726
2000000. 20.00 345.0000 0.2642 0.1251 0.2250 0.0593

2000000. 30.00 0. 0.2980 0.1979 0.2209 0.0294
2000000. 30.00 15.0000 0.3012 0.1965 0.2279 0.0134
2000000. 30.00 30.0000 0.3095 0.2050 0.2318 -0.0015
20uG00. 30.00 45.0000 0.3229 0.2196 0.2367 -0.0077
2000000. 30.00 60.0000 0.3377 0.2340 0.2U33 -0.0059
2000000. 30.00 75.0000 0.3485 0.2410 0.2517 -0.0018
2000000. 30.00 90.0000 0.3561 0.2436 u.2597 0.0008
2000000. 30.00 105.0000 0.3568 0.2429 0.2614 0.C025
2000000. 30.00 120.0000 0.3483 0.2373 0.2549 0.0075
20000C0. 30.00 135.0000 C.3310 0.2218 0.2455 0.0100
2000000. 30.00 150.0000 0.31i0 0.2041 0.2335 0.0026
2000000. 30.00 165.0000 0.2951 0.1956 0.2206 -0.0130
2000000. 30.00 180.0000 0.2913 0.2013 0.2086 -0.0291
2000000. 30.00 195.0000 0.3003 0.2187 0.2019 -0.0400
2000000. 30.00 210.0000 0.3153 0.2396 0.1998 -0.0459
2000000. 30.00 225.0000 0.3360 0.2656 0.1998 -0.0493
2000000. 30.00 240.0000 0.3577 0.2937 0.1988 -0.0466
2000000. 30.00 255.0000 0.3772 0.3210 0.1945 -0.0377
2000000. 30.00 270.0000 0.3881 0.3407 0.1851 -0.0178
2000000. 30.00 285.0000 0.3652 0.3432 0.174 6 0.0116
2000000. 30.00 300.0000 0.3682 0.3234 0.1709 0.0413
2000O00. 30.00 315.0000 0.3423 0.2871 0.1761 0.0610
2000000. 30.00 330.0000 0.3161 0.2437 0.1907 0.0647
2000000. 30.00 345.0000 0.3026 0.2123 0.2093 0.0516
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2000000. 40.OC 0. 0.3318 0.2724 0.1875 0.0269
2000000. 40.00 15.0000 0.3344 0.2727 0.1933 0.0102
2000000. 40.00 30.0000 0.3436 0.2818 0.1965 -0.0038
2000000. 40.00 45.0000 0.3566 0.2963 0.1981 -0.0121
2000000. 40.00 60.0000 0.3733 0.3136 0.2022 -0.0128
2000000. 40.00 75.0000 0.3872 0.3260 0.2088 -0.0088
2000000. 40.00 90.0000 0.3978 0.3345 0.2151 -0.0047
2000000. 40.00 105.0000 0.4022 0.3373 0.2190 0.0039
2000000. 40.00 120.0000 0.3931 0.3271 0.2176 0.0135
2000000. 40.00 135.0000 0.3730 0.3054 0.2134 0.0186
2000000. 40.00 150.0000 0.3483 0.2793 0.2077 0.011i
2000000. 40.00 165.0000 0.3319 0.2645 0.2004 -0.0053
2000000. 40.00 180.0000 0.3276 0.2644 0.1917 -0.0251
2000000. 40.00 195.0000 0.3371 0.2800 0.1834 -0.0401
2000000. 40.00 210.0000 0.3544 0.3030 0.1769 -0.0496
2000000. 40.00 225.0000 0.3770 0.3318 0.1710 -0.0527
2000000. 40.00 240.0000 0.3997 0.361t 0.1638 -0.0484
2000000. 40.00 255.0000 0.4188 0.3880 0.1538 -0.0347
2000000. 40.00 270,0000 0.4265 0.4020 0.1423 -0.0106
2000000. 40.00 285.0000 0.4204 0.3976 0.1354 0.0179
2000000. 40.00 300.0000 0.4006 0.3741 0.1362 0.0443
2000000. 40.00 315.0000 0.3764 0.3418 0.1468 0.0579
2000000. 40.00 330.0000 0.3545 0.3093 0.1635 0.050
2000000. 40.00 345.0000 0.3405 0.2865 0.1779 0.0469

2000000. 50.00 0. 0.3617 0.3277 0.1513 0.0244
2000000. 50.00 15.0000 0.3641 0.3287 0.1565 0.0082
2000000. 50.00 30.0000 0.3718 0.3367 0.1575 -0.0054
2000000. 50.00 45.0000 0.3846 0.3507 0.1571 -0.0153
2000000. 50.00 60.0000 0.4016 0.3694 0.1565 -0.0189
2000000. 50.00 75.0000 0.4178 0.3860 0.1591 -0.0161
2000000. 50.00 90.0000 0.4309 0.3988 0.1628 -0.0097
2000000. 50.00 105.0000 0.4355 0.4032 0.1646 0.0028
2000000. 50.00 120.0000 0.4290 0.3942 0.1688 0.0146
2000000. 50.00 135.0000 0.4135 0.3743 0.1745 0.0217
2000000. 50.00 150.0000 0.3927 0.3495 0.1784 0.0158
2000000. 50.00 165.0000 0.3776 0.3336 0.1770 0.0003
2000000. 50.00 180.0000 0.3697 0.3281 0.1694 -0.0196
2000000. 50.00 195.0000 0.3750 0.3379 0.1581 -0.0378
2000000. 50.00 210.0000 0.3903 0.3582 O.lkS6 -0.0501
2000000. 50.00 225.0000 0.4122 0.3860 0.1344 -0.0530
2000000. 50o00 240.0000 0.4323 0.4126 0.1207 -0.0457
2000000. 50.00 255.0000 0.4453 0.4316 0.1061 -0.0274
2000000. 50.00 270.0000 0.4461 0.4'360 0.0944 -0.0031
2000000. 50.00 285.0000 0.4386 0.4285 0.0912 0.0217
2000000. 50.00 300.0000 0.4226 0.4085 0.0990 0.0436
2000000. 50.00 315.0000 0.4015 0.3e19 0.1116 0.0543
2000000. 50.00 330,0000 0.3811 0.3559 0.1257 0.0526
2000000. 50.00 345.0000 0.3672 0.3369 0.1399 0.0419
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2006000. 60.00 0.3856 0.3672 0.115? 0.0217
2000000. 60.00 15.0000 0.3878 0.3688 0.1197 0.0074
2000000. 60.00 30.0000 0.3936 0.3750 0.1195 -0.00552C00000 60.C0 45.0000 0.4031 0.385r 0.115 -0.0157
2000000. 60.00 60.0000 0.4161 0.4002 0.1119 -0.02232000000. 60.00 75.0000 L.4340 0.4191 0.1100 -0.0236
2000000. 60.00 90-0000 0.4505 0.4364 0.1105 -0.01532000000. oO.00 105.0000 0.4568 0.4423 '.1143 -0.0019
2000"O0. 60.00 120.0000 0.4556 0.4395 O.1204 0.01002000010. 60.00 135.0000 0.U 5a 0.4263 0.1276 0.0189
20000)0. A0.0u 150.0000 0.4287 0.4068 0.1341 0.01572000000. 60.00 165.0000 0.4157 0.3926 0.1368 0.00292000000. 60.00 180.0000 0.4085 0.3853 0.1348 -0.l1452000000. 60.00 195.0000 0.4105 0.3093 0.1259 -0.0327
2000000. 60.00 210.0000 0.4213 0.4038 0.1114 -0.04492000000. 60.00 225.0000 0.4360 0.4233 0.0934 -0.0468
2000000. 60.00 240.0000 0.4492 0.4411 0.0762 -0.03772000000. 60.00 255.0000 0.4559 0.4511 0.0629 -0.0186
2000000. 60.00 270.0000 0.4520 0.4485 0.0559 0.00442000000. 60.00 285.0000 0.4426 0.4385 0.0557 0.02362000000. 60.00 300.0000 0.4319 0.4253 0.0630 0.0403
200A00n 60.00 315.0000 0.4156 0.4053 0.0769 0.0504200u)%ZO. 60.00 330.0000 0.3988 0.3849 0.0929 0.04782000000. 60.00 345.0000 0.5887 0.3720 0.1066 0.0365

2000000. 70.00 0. 0.4055 0.3963 0.0835 0.02022000000. 70.00 15.0000 0.4066 0.3970 0.0671 0.00792000000. 70.00 30.0000 0.4097 0.4003 0.0869 -0.00352000000. 70.00 45.0000 0.4152 0.4064 0.0837 -0.01%1
2000000. 70.00 60.0000 0.4247 0.4169 0.0780 -0.02292000000. 70.00 75.0000 0.4387 0.4322 0.0709 -0.02642000000. 70.00 90.0000 0.4533 0.4480 0.0653 -0.02172000000. 70.00 105.0000 0.4635 0.4588 0.0645 -0.0108
2000000. 70.00 120.0000 0.4665 0.4614 0.0684 0.00172000000. 70.00 135.0000 0.4612 0.4547 0.0765 0.01072000000. 70.00 150.0000 0.4510 0.4427 0.0855 0.01022000000. 70.00 165.3000 0.4422 0.4329 0.0905 0.00092000000. 70.00 180.0000 0.4378 0.4283 0.0895 -0.0122
2000000. 70.00 195.0000 0.4376 0.4292 0.0816 -0.02482000000. 70.00 210.0000 0.4411 0.4345 0.0682 -0.03302000000. 70.00 225.0000 0.4468 0.4425 0.05^1 -0.0340
200000. 70.00 240.0000 0.4529 0.4507 0.03i0 -0.02642000000. 70.00 255.0000 0.4561 0.4552 0.0266 -0.0107
2000000. 70.00 20.0000 0,4533 0.4526 0.0234 0.00862000000. 70.00 285.0000 0.4454 0.4438 0.0270 0.0256
2000000, 70.00 300.0000 0.4350 0.4319 0.0357 0.03792000000. 70.00 315.0000 0.4236 0.185 0.088 0.0437
2000000. 70.00 330.0000 0.4136 0.4067 0.0632 0.0410
2000000. 70.00 345.0000 0.4075 0.3992 0.0754 0.0320
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2000000. 80.00 0. 0.4237 0.4200 0.0530 0.0181
2000000. 80.00 15.0000 0.4245 0.4207 0.0567 0.0082
2000000. 80.00 30.0000 0.4268 0.4229 0.0572 -0.0018
2000000. 80.00 45.0000 0.4303 0.4267 0.0545 -0.0109
2000000. 80.00 60.0000 0.4353 0.k321 0.0490 -0.0180
2000000. 60.00 75.0000 0.4413 0.4388 0.0417 -0.0216
2000000. 60.00 90.0000 0.4476 0.4458 0.0345 -0.0210
2000000. 80.00 105.0000 0.4529 0.11516 0.0294 -0.0166
2000000. 80.00 120.0000 0.4560 0.4550 0.0218 -0.0i0
2000000. 80.00 135.0000 0.45,66 0.4556 0.0297 -0.0055
2000000. 80.00 150.0000 0.4550 0.4538 0.0331 -0.0039
2000000. 80.00 165.0000 0.4526 0.4511 0.0356 -0.0061
2000000. 80.00 180.0000 0.4502 0.4487 0.0350 -0.0106
2000000. 80.00 195.0000 0.4485 0.4472 0.0307 -0.0153
2000000. 80.00 210.0000 0.4478 0.4468 0.0232 -0.0179
2000000. 80.00 225.0000 0.4477 0.4472 0.0140 -0.0165
2000000. 80.00 240.0000 0.4478 0.4476 0.0055 -0.0104
2000000. 80.00 255.0000 0.4470 0.4470 0.0001 -0.0003
2000000. 80.00 270.0000 0.4448 0.4446 -0.0005 0.0118
2000000. 80.00 285.0000 0.4410 0.4403 0.0041 0.0232
2000000. 80.00 300.0000 0.4361 0.4348 0.0131 0.0313
2000000. 80.00 315.0000 0.4311 0.4290 0.0245 0.0346
2000000. 80.00 330.0000 0.4270 0.4242 0.0361 0.0328
2000000. 80.00 345.0000 0.4245 0.4211 0.0460 0.0268

2000000. 90.00 0. 0.4422 0.4417 0 0
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(feet) (degrees) (degres) (oersteds) (oersteds) (oersteds) (oersteds)

3000000. -90.00 0. 0.3824 -0.3721 0 0

300003. -80.00 0. 0.3504 -0.3346 0.0908 0.0506
3000000. -80.00 15.0000 0.3551 -0.3407 0.0765 0.06423000000. -80.00 30.0000 0.3609 -0.3482 0.05 6 0.07383000000. -bO.00 45.,0000 0.3675 -0.3564 0.0413 0.07933000000. -80.00 60.,0000 0.3748 -0.3653 0.0222 0.08083000000. -80.00 75.0000 0.3828 -0.3748 0.0029 0.07803000000. -00.00 90.0000 0.3915 -0.3848 -0.0158 0.07043000000. -80.00 105.0000 0.4001 -0.3946 -0.0323 0.0577
3000000. -80.00 120.0000 0.4080 -0.4035 -0.0450 0.04033000000. -80.00 135.0000 0.4145 -0.4106 -0.0530 0.01943000000. -80.00 150.0000 0.4190 -0.4153 -0.0557 -0.00383000000. -80.00 165.0000 0.4207 -0.4165 -0.0524 -0.0283
3000000. -80.00 180.0000 0.4187 -0.4133 -0.0427 -0.0520
3000000. -80.00 195.0000 0.4126 -0.4054 -0.0266 -0.07213000000. -80.00 210.0000 0.4031 -0.3937 -0.0057 -0.08603000000. -80.00 225.0000 0.3915 -0.3800 0.0178 -0.0923
3000000. -80.00 240.0000 0.3795 -0.3661 0.0416 -0.09083000000. -80.00 255.0000 0.3686 -0.3536 0.0638 -0.08233000000. -80.00 270.0000 0.3597 -0.3433 0.0827 -0.0681
3000000. -80.00 285.0000 0.3531 -0.3358 0.0971 -0.04973000000. -80.00 300.0000 0.3488 -0.3310 0.1062 -0.0288
3000000. -80.00 315.0000 0.3466 -0,3286 0.1097 -0.00733000000. -80.00 330.0000 0.3461 -0.3285 0.1081 0.01383000000. -80.00 345.0000 0.3474 -0.3305 0.1016 0.0334

3000000. -70.00 0. 0.3121 -0.2891 0.1067 0.04933000000. -70.00 15.0000 0.3209 -0.3005 0.0945 0.06113000000. -70.00 30.COOO 0.3326 -0.3151 0.0810 0.06913000000. -70.00 45.0000 0.3453 -0.3308 0.0664 0.07353000000. -70.00 60.0000 0.3588 -0.3470 0.0508 0.07563000000. -70.00 75.0000 0.3746 -0.3653 C.0344 0.07513000000. -70.00 90.0000 0.3927 -0.3861 0.0178 0.06933000000. -70.00 105.0000 0.4099 -0.4061 0.0033 0.05603000000. -70.00 120.0000 0.4232 -0.4215 -0.0062 0.03693000000. -70.00 135.0000 0.4324 -0.4320 -0.009o 0.01623000000. -70.00 150.0000 0.4398 -0.4397 -0.0081 -0.00483000000. -70.00 165.0000 0.44'. -0.4435 -0.0022 -0.02793000000. -70.00 180.0000 0.4420 -0.4389 0.0091 -0.0519
3000000. -70.00 195.0000 0.4308 -0.4242 0.0246 -0.071)
3000000. -70.00 210.0000 0.4136 -0.4032 0.0411 -0.08233000000. -70.00 225.0000 0.3931 -0.3798 0.0569 -0.08663000000. -70.00 240.0000 0.3731 -0.3558 0.0727 -0.08563000000. -70.00 255.0000 0.3534 -0.3326 0.0894 -0.07923000000. -70.00 270.0000 0.3360 -0.3118 0.1060 -0.0661)
3000000. -10.00 285.0000 0.3226 -0.2957 0.1191 -0.047.'3000000. -70.00 300.0000 0.3139 -0.2855 0.1279 -0.02563000000. -70.00 315.0000 0.3090 -0.2805 0.1294 -0.00353000000. -70.00. 330.0000 0.3067 -0.2794 0.1254 0.0165
3000000. -10.00 345.0000 0.3074 -0.2820 0.1173 0.034.
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3000000. -60.00 0. 0.2719 -0.2446 0.1083 0.0485
3000000. -60.00 15.0000 0.2b24 -0.2587 0.0988 0.0557
3000000. -60.00 30.0000 0.2972 -0.2761 0.09!1 0.0619
3000000. -60.00 45.0000 0.3153 -0.2968 0.0829 0.0666
3000000. -60.00 60.0000 0.3353 -0.3197 0.0727 0.0699
3000000. -60.00 75.0000 0.3576 -0.3453 0.0613 0.0702
3000000. -60.00 90.0000 0.3824 -0.3734 0.0505 0.0651
3000000. -60.00 105.0000 0.4067 -0.4012 0.0415 0.0520
3000000. -60.00 120.0000 0.4255 -0.4228 0.0363 0.0315
3000000. -60.00 135.0000 0.4368 -0.4351 0.0371 0.0089
3000000. -60.00 150.0000 0.4429 -0.4405 0.0443 -0.0121
3000000. -60.00 165.0000 0.4446 -0.,4399 0.0556 -0.0333
3000000. -60.00 180.0000 0.4363 -0.4273 0.0687 -0.0548
3000000. -60.00 195.0000 0.4172 -0.4033 0.0820 -0.068?
3000000. -60.00 210.0000 0.3953 -0.3771 0.0933 -0.0734
3000000. -60.00 225.0000 0.3751 -0.3534 0.1020 -0.0738
3000000. -60.00 240.0000 0.3556 -0.3502 0.1093 -0.0741
3000000. -60.00 255.0000 0.3336 -0.3034 0.1185 -0.0725
3000000. -60.00 270.0000 0.3102 -0.2745 0.1296 -0.0638
3000000. -60.00 285.0000 0.2891 -0.2489 0.1397 --0.0161
3000000. -60.00 300.0000 0.2741 -0.2318 0.1441 -0.0219
3000000. -60.00 315.0000 0.2660 -0.2230 0.1418 0.0028
3000000. -60.00 330.0000 0.2632 -0.2263 0.1324 0.0231
3000000. -60.00 345.0000 0.2652 -0.2333 0.1201 0.0383

3000000. -50.00 0. 0.2403 -0.2111 0.1041 0.0484
3000000. -50.00 15.0000 0.2529 -0.2281 O.09rO 0.0502
3000000. -50.00 30.0000 0.2679 -0.2452 0.0943 0.0527
3000000. -50.00 45.0000 0.2870 -0.2654 0.0926 0.0577
3000000. -50.00 60.COOO 0.3110 -0.2912 0.0890 0.0629
3000000. -50.00 75.0000 0.3391 -0.3226 0.0827 0.0642
3000000. -50.00 90.0000 0.3680 -0.3552 0.0766 0.0583
3000000. -50.00 105.0000 0.3955 -0.3860 0.0741 0.0444
3000000. -50.00 120.0000 0.4161 -0.4083 0.0767 0.0231
3000000. -50.00 135.0000 0.4264 -0.4181 0.0838 -0.0003

3000000. -50.00 150.0000 0.4258 -0.4146 0.0947 -0.0216
3000000. -50.00 165.0000 0.4192 -0.4037 0.1065 -0.0384
3000000. -50.00 180.0000 0.4059 -0.3852 0.1162 -0.0539
3000000. -50.00 195.0000 0.3848 -0.3591 0.1232 -0.0626

3000000. -50.00 210.0000 0.3620 -0.3323 0.1281 -0.0647
3000000. -50.00 225.0000 0.3420 -0.3086 0.1329 -0.0637
3000000. -50.00 240.0000 0.3247 --0.2868 0.1380 -0.0641
3000000. -50.00 255.0000 0.3032 -0.2593 0.1433 -0.0647
3000000. -50.00 270.0000 0.2777 -0.2270 0.1490 -0.058.
3000000. -50.00 285.0000 0.2525 -0.1961 0.1535 -0.0416
3000000. -50.00 300.0000 0.2335 -0.1761 0.1527 -0.0152
3000000. -50.00 315.0000 0.2251 -0.1723 0.1443 0.0120
3000000. -50.00 330.0000 0.2252 -0.1806 0.1306 0.0319
3000000. -50.00 345.0000 0.2307 -0.1947 0.1158 0.0435
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3000000. -40.00 0. 0.2196 -0.1890 0.1012 0.0479
3000000. -40.00 15.0000 C.2327 -0.2064 0.0982 0.0439
3000000. -40.00 30.0000 0.2462 -0.2208 0.0996 0.0440
3000000. -40.00 45.0000 0.2648 -0.2395 0.1021 0.0480
3000000. -40.00 50.0000 0.2897 -0.2644 0.1054 0.0540
3000000. -40.00 75.0000 0.3215 -0.2979 0.1067 0.0569
3000000. -40.00 90.0000 0.3541 -0.3335 0.1079 0.0499
3000000. -40.00 105.0000 0.3814 -0.3628 0.1125 0.0343
3000000. -40.00 120.0000 0.3989 -0.3800 0.1207 0.0129
.,000000. -40.00 135.0000 0.4047 -0.3831 0.1301 -0.0032
3000000. -40.00 150.0000 0.3989 -0.3734 0.1377 -0.0266
3C00000. -40.00 165.0000 0.3873 -0.3568 0.1451 -0.0403
3000000. -40.00 180.0000 0.3705 -0.3338 0.1521 -0.0516
3000000. -40.00 195.0000 0.3489 -0.3068 0.156i -0.0561
3000000. -40.00 210.0000 0.3292 -0.2829 0.1585 -0.0566
3000000. -40.00 225.0000 0.3104 -0.2596 0.1603 -0.0568
3000000. -40.00 240.000C 0.2915 -0.2355 0.1621 -0.0568
3000000. -40.00 255.0000 0.2700 -0.2080 0.1626 -0.0567
3000000. -40.00 270.0000 0.2450 -0.1757 0.1628 -0.0512
3000000. -40.00 285.0000 0.2194 -0.1448 0.1612 -0.0346
3000000. -40.00 300.OOOC 0.2008 -0.1266 0.1557 -0.0070
3000000. -40.00 315.0000 0.1945 -0.1281 0.1448 0.0210
3000000. -40.00 330.0000 0.1980 -0.1442 0.1293 0.0409
3000000. -40.00 345.0000 0.2076 -0.1673 0.1127 0.0491

3000000. -30.00 0. 0.2107 -0.1749 0.1074 0.0475
3000000. -30.00 15.0000 0.2207 -0.1900 0.1058 0.0375
3000000. -30.00 30.0000 0.2327 -0.2018 0.1100 0.0362
3000000. -30.00 45.0000 0.2500 -0.2173 0.1178 0.0373
3000000. -30.00 60.0300 0.2719 -0.2366 0.1268 0.0434
3000000. -30.00 75.0000 0.3022 -0.2661 0.1352 0.0468
3000000. -30.00 90.0000 0.3333 -0.2983 0.1431 0.0396
3000000. -30.00 105.0000 0.3575 -0.3221 0.1533 0.0233
3000000. -30.00 120.0000 0.3700 -0.3309 0.1654 0.0029
3000000. -30.00 135.0000 0.3704 -0.3262 0.1750 -0.0134
3000000. -30.00 150.0000 0.3638 -0.3148 0.1803 -0.0278
3000000. -30.00 165.0000 0.3505 -0.2954 0.1843 -0.0400
3000000. -30.00 180.0000 0.3320 -0.2706 0.1863 -0.0479
3000000. -30.00 195.0000 0.3119 -0.245'! 0.1858 -0.0506
3000000. -30.00 210.0000 0.2936 -0.2216 0.1858 -0.0508
3000000. -30.00 225.0000 0.2757 -0.1984 0.1847 -0.0502
100000. -30.00 240.0000 0.2582 -0.1764 0.1820 -0.0493
3000003. -30.00 255.0000 0.2398 -0.1518 0.1790 -0.0490
3000000. -30.00 270.0000 0.2184 -0.1224 0.1756 -0.0435
3000000. -30.00 285.0000 0.1972 -0.0952 0.1705 -0.0267
3000000. -30.00 300.0000 0.1814 --0.0816 0 1620 0.0011
5000000. -30.00 315.0000 0.1765 -0.0894 0.1492 0.0295
3000000. --30.00 330.0000 0.1825 -0.1142 0.1336 0.0492
3000000. -30.00 345.0000 0.1965 -0.1472 0.1l81 0.0547
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(feeat) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

3000000. -20.00 0. 0.2080 -0.1567 0.1282 0.0176

3000000. -20.00 15.0000 0.2174 -0.1731 0.1273 0.0329

3000000. -20.00 30.0000 0.2266 -0.1808 0.1339 0.0274

3000000. -20.00 45.0000 C.2395 -0.1887 0.11.51 0.0270

3000000. -20.00 60.0000 C.2570 -0.2014 0.1562 0.0326

3000000. -20.00 75.0000 0.2813 -0.2229 0.1678 0.0361

3000000. -20.00 90.0000 0.3078 -0.2485 0.1792 0.0288

3000000. -20.00 105.0000 0.325? -0.2621 0.1929 0.0120

3000000. -20.00 120.0000 0.3315 -0.2606 0.2049 -0.0047

3000000. -20.00 135.0000 0.3283 -0.2512 0.2107 -0.0162

3000000. -20.00 150.0000 0.3204 -0.2381 0.2126 -0.0274

3000000. -20.00 165.0000 0.3068 -0.2185 0.2121 -0.0376

3000000. -20.00 180.0000 0.2906 -0.1949 0.2110 -0.0439

3000000. -20.00 195.0000 0.274 -0.1715 0.2093 -0.055

3000000. -20.00 210.0000 0.2583 -0.1493 0.2058 -0.0452

3000000. -20.00 225.0000 0.2434 -0.1293 0.2014 -0.0439

3000000. -20.00 240.0000 0.2304 -0.1108 0.1975 -0.0428

3000000. -20.00 255.0000 0.2172 -0.0900 0.1931 -0.042

3000000. -20.00 270.0000 0.2024 -0.0647 0.1883 -0.0366

3000000. -20.00 285.0000 0.1879 -0.0415 0.1822 -0.0196

3000000. -20.00 300.0000 0.1764 -0.0335 0.1730 0.0088

3000000. -20.00 315.0000 0.1721 -0.0481 0.1610 0.0371

3000000. -20.00 330.0000 0.1773 -0.0804 0.1478 0.0557

3000000. -20.00 345.0000 0.1918 -0.1220 0.1355 0.0595

3000000. -10.00 0. 0.2037 -0.1201 0.1579 0.0460

3000000. -10.00 15.0000 0.2141 -0.1375 0.1615 0.0291

3000000. -io.On 30.0000 0.2211 -0.1417 0.168" 0.0194

3000000. -10.00 15.0000 0.2293 -0.1415 0.1796 0.0177

3000000. -10.00 60.0000 0.2430 -0.1479 0.1913 0.023

3000000. -10.00 75.0000 0.2614 -0.1629 0.2027 0.0265

3000000. -10.00 90.0000 0.2812 -0.1810 0.2144 0.0193

3000000. -10.00 105.0000 0.2914 -0.1850 0.2251 0.0030

3000000. -10.00 120.0000 0.2915 -0.1750 0.2330 -0.0096

3000000. -10.00 135.0000 0.2866 -0.1630 0.2352 -0.016

3000000. -10.00 150.0000 0.2784 -0.1508 0.2327 -0.0250

3000000. -10.00 165.0000 0.2674 -0.1331 0.2293 -0.035

3000000. -10.00 180.0000 0.2545 -0.1109 0.2256 -0.0400

3000000. -10.00 195.0000 0.2419 -0.0900 0.2208 -0.007

3000000. -10.00 210.0000 0.2310 -0.0718 0.2159 -0.0399

3000000. -10.00 225.0000 0.2219 -0.0560 0.2112 -0.0388

3000000. -10.00 240.0000 0.2144 -0.0407 0.2071 -0.0382

3000000. -10.00 255.0000 0.2085 -0.0225 0.2038 -0.0376

3000000. -10.00 270.0000 0.2023 0.0003 0.1998 -0.0316

3000000. -10.00 285.0000 0.1954 0.0205 0.1938 -0.0137

3000000. -10.00 300.0000 0.1873 0.0241 0.1051 0.0155

3000000. -10.00 315.0000 0.1800 0.0033 0.1747 0.0.3

3000000. -'10.00 330.0000 0.1792 -0.0362 0.1647 0.0608

3000000. -10.00 345.0000 0.1893 -0.0835 0.1583 0.0616
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(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

3000000. 0.00 0. 0.2004 -0.0634 0.1854 0.0420
3000000. 0.00 15.0000 0.2095 -0.0764 0.1936 0.0242
3000000. 0.00 30.0000 0.2162 -0.0770 0.2016 0.0131
3000000. 0.00 45.0000 0.2225 -0.0719 0.2103 0.0104
3000000. 0.00 60.0000 0.2330 -0.0723 0.2210 0.0154
3000000. 0.00 75.0000 0.2469 -0.0822 0.2321 0.018d
3000000. 0.00 90.0000 0.2603 -0.0941 0.2424 0.0122
3000000. 0.00 105.0000 0.2657 -0.0929 0.2490 -0.0016
3000000. 0.00 120.0000 0.2622 -0.0805 0.2493 -0.0103
3000000. 0.00 135.0000 0.2550 -0.0695 0.2450 -0.0141
3000000. 0.00 150.0)00 0.2469 -0.0603 0.2385 -0.0210
3000000. 0.00 165.0(,00 0.2380 -0.0455 0.2316 -0.0308
3000000. 0.00 180.0dO0 0.2297 -0.0257 0.2254 -0.0359
3000000. 0.00 195.0000 0.2241 -0.0076 u.2208 -0.03Y0
3000000. 0.00 210.0000 0.2199 0.0071 0.2168 -0.0364
3000000. 0.00 225.0000 0.2177 0.0198 0.2138 -0.0357
3000000. 0.00 240.0000 0.2179 0.0335 0.2122 -0.0360
3000000. 0.00 255.0000 0.2190 0.0513 0.2100 -0.0348
3000000. 0.00 270.0000 0.2205 0.0732 0.2061 -0.0281
3000000. 0.00 285.0000 0.2198 0.0915 0.1997 -0.0083
3000000. 0.00 300.0000 0.2122 0.0901 0.1910 0.0213
3000000. 0.00 315.0000 0.2010 0.0643 0.1843 0.0481
3000000. 0.00 330.0000 0.1921 0.0202 0.1800 0.0639
3000000. 0.00 345.0000 0.1921 -0.0297 0.1798 0.0608

3000000. 10.00 0. 0.2077 0.0103 0.2042 0.0364
3000000. 10.00 15.0000 0.2136 0.0036 0.2127 0.0192
3000000. 10.00 30.0000 0.2203 0.0067 0.2200 0.0081
3000000. 10.00 45.0000 0.2276 0.0140 0.2271 0.0048
3000000. 10.00 60.0000 0.2370 0.0182 0.2362 0.0082
3000000. 10.00 75.0000 0.21476 0.0136 0.2469 0.0116
3000000. 10.00 90.0000 0.2561 0.0072 0.2559 0.0074
3000000. 10.00 105.0000 0.2578 0.0091 0.2576 -0.0021
3000000. 10.00 120.0000 0.2536 0.0173 0.2529 -0.0068
3000000. 10.00 135.0000 0.2452 0.0224 0.2440 -0.0089
3000G00. 10.00 150.0000 0.2354 0.0258 0.2334 -0.0155
3000000. 10.00 165.0000 0.2280 0.0360 0.2236 -0.0259
3000000. 10.00 180.0000 0.2239 0.0518 0.2154 -0.0322
3000000. 10.00 195.0000 0.2235 0.0679 0.2101 -0.0351
3000000. 10.00 210.0000 0.2267 0.0821 0.2084 -0.0355
3000000. 10.00 225.0000 0.2323 0.0955 0.2087 -0.0359
3000000. 10.00 240.0000 0.2394 0.1112 0.2090 -0.0359
3000000. 10.00 255.0000 0.2472 0.1297 0.2077 -0.0336
3000000. 10.00 270.000 0.2545 0.1513 0.2032 -0.0247
3000000. 10.00 285.0000 0.2564 0.1664 0.1950 -0.0026
3000000. 10.00 300.0000 0.2472 0.1593 0.1872 0.0264
3000000. 10.00 315.0000 0.2312 0.1308 0.1838 0.0508
3000000. 10.00 ?!30.0000 0.2149 0.0860 0.1861 0.0643
3000000. 10.00 345.0000 0.2057 0.0375 0.1940 0.0574
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3000000. 20.00 0. ).2296 0.0937 0.2072 0.G314
3000000- 20.00 15.0000 0.2329 0.0899 0.2142 0.0155
3000000. 20.00 30.0000 0.2398 0.0957 0.2198 0.0039
3000000. 20.00 45.0000 0.2491 0.1051 0.2258 -0.0001
3000000. 20.00 60.0000 0.2595 0.1130 0.2336 0.0019
3000000. 20.00 75.0000 0.2687 0.1146 0.2430 0.0049
3000000. 20.00 90.no00 0.2746 0.1128 0.2503 0.0041
3000000. 20.00 105.0000 0.2751 0.1125 0.2511 -0.0001
3000000. 20.00 120.0000 0.2699 0.1145 0.2444 -0.0011
3000000. 20.00 135.0000 0.2584 0.1105 0.2336 -0.0012
3000000. 20.00 150.0000 0.2455 0.1051 0.2217 -0.0080
3009000. 20.00 165.0000 0.2366 0.1079 0.2096 -0.0197
3000000. 20.00 180.0000 0.2349 0.1192 0.2004 -0.0289
3000000. 20.00 195.0000 0.2398 0.1341 0.1957 -0.0346
3000000. 20.00 210.0000 0.2485 0.1603 0.1943 -0.0373
3000000. 20.00 225.0000 0.2607 0.1680 0.1955 -0.0386
O000.GO 20.00 240.0000 0.2741 0.1873 0.1966 -0.0377
3000000. 20.00 255.0000 0.2871 0.2083 0.1947 -0.0330
3000000. 20.00 270.0000 0.2966 0.2284 0.1882 -0.0203
3000000. 20.00 285.0000 0.2971 0.2372 0.1788 0.0037
3000000. 20.00 300.0000 0.2852 0.2248 0.1728 0.0310
3000000. 20.00 315.0000 0.2655 0.1944 0.1733 0.0519
3000000. 20.00 330.0000 0.24'9 0.1527 0.1814 0.0610
3000000. 20.00 345.0000 0.2319 0.1134 0.1956 0.0513

3000000. 30.00 0. 0.2610 0.1742 0.1924 0.0274
3000000. 30.00 15.0000 0.2632 0.1720 0.1987 0.0130
3000000. 30.00 30.0000 0.2699 0.1783 0.2026 0.000?
3000000. 30.00 45.0000 0.2807 0.1899 0.2067 -0.0047
300000. 30.00 60.0000 0.2926 0.2012 0.2124 -0.0039
300C000. 30.00 75.0000 0.3019 0.2072 0.219S -0.0010
3000000. 30.00 90.0000 0o3081 0.2094 0.2259 0.0009
3000000. 30.00 105.0000 0.3090 0.2091 0.2275 0.0021
3000000. 30.00 120.0000 0.3024 0.2045 0.2227 0.0053
3000000. 30.00 135.0000 0.2887 0.1926 0.2150 0.0065
3000000. 30.00 150.0000 0.2727 0.1193 0.2054 0.0001
3000000. 30.00 165.0000 0.2612 0.1734 0.1949 -0.0127
3000000. 30.30 180.0000 0.2580 0.1789 0.1853 -0.0257
3000000. 30.00 195.0000 0.2660 0.1934 0.1793 -0.0349
3000000. 30.00 210.0000 0.2786 0.2117 0.1767 -0.0401
3000000. 30.00 225.0000 0.2955 0.2338 0.1757 -O.O424
3000000. 30.00 240.0000 0.3133 0.2576 0.1739 -O.O40
3000000. 30.00 255.0000 0.3290 0.2802 0.1695 -0.0319
3000000. 30.00 270.0000 0.3378 0.2965 0.1613 -0.0149
3000000. 30.00 285.OOOC 0.3356 0.2984 0.1532 0.0096
3000000. 30.00 300.0000 0.3215 0.2821 0.1604 0.0346
3000000. 30.00 315.0000 0.3002 0.2519 0.1550 0.0515
3000000. 30.00 330.0000 0.2788 0.2160 0.1673 0.0553
3000000. 30.00 345.0000 0.2658 0.1881 0.1822 0.0451
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3000000. 40.00 C. 0.2924 0.2399 0.1652 0.0249
3000000. 40.00 15.00G 0.2941 0.2393 0.1706 0.0105
3000000. 40.00 3C.OOuu 6,3010 0.2460 0.1734 -0.0014
3000000. 40.00 15.OOGO 0.3118 0.2:78 0.1752 -0.0083
3000000. 40.00 60.0000 0.3251 0.2715 0.1785 -0.0094
3000000. 40.00 75.0000 0.3363 0.2816 0.1837 -0.0066
3000000. 40.00 90.0000 0.3446 0.2884 0.1887 -0.0031
3000000. 40.00 105.0000 0.3475 0.2901 0.1913 0.0030
3000000. 40.00 120.0000 0.3405 0.2822 0.1903 0.0099
3000')00. 40.00 135.0000 0.3254 0.2657 0.1874 0.0131
3000000. 40.00 150.0000 0.3070 0.2463 0.1831 0.000
3000r00. .0.00 165.0000 0.2945 0.2353 0.1770 -0.0065
3000000. 40.00 180.0000 0.2912 0.2359 0.1693 -0.0223
3000000. 40.00 195.0000 0.2987 0.2486 0.1619 -0.0341
3000nO0. 40.00 210.0000 0.3127 0.2678 0.1558 -0.0424
3000000. 40.00 225.0000 0.3312 0.2918 0.1501 -0.0448
3000000. 40.00 240.0000 0.3497 0.3163 0.1434 -0.0408
3000000. 40.00 255-0000 0.3649 0.3379 0.1347 -0.0291
3000000. 40.00 270.0000 0.3711 0.3491 0.1254 -0.0092
3000000. 40.00 285.0000 0.3664 0.3460 0.1198 0.0141
3000000. 40.00 300.0000 0.3509 0.3273 0.1210 0.0366
3000000. 40.00 315.0000 0.3307 0.3002 0.1298 0.0490
3000000. 40.00 330.0000 0.3121 0.2728 0.1434 0.0494
3000000. 40.00 345.0000 0.2993 0.2520 0.1563 0.0407

3000000. 50.00 0. 0.3201 0.289C 0.1341 0.0226
3000000. 50.00 15.0000 0.3216 0.2899 0.1389 0.0088
3000000. 50.00 30.0000 0.3277 0.2961 0.1403 -0.0027
3000000. 50.00 45.0000 0.3379 0.3073 0.1401 -0.0108
3000000. 50.00 60.0000 0.3511 0.3218 0.1399 -0.0140
3000000. 50.00 75.0000 0.3641 0.3351 0.1%18 -0.0122
3000000. 50.00 90.0000 0.3742 0.3451 0.1444 -0.0070
3000000. 50.00 105.0000 0.3778 0.3483 0.1464 0.0020
3000000. 50.00 120.0000 0.3729 0.3414 0.1496 0.0109
3000000. 50.00 135.0000 0.3606 0.3260 0.1534 0.0155
3000000. 50.00 150.0000 0.3448 0.3074 0.1558 0.0104
3000000. 50.00 165.0000 0.3329 0.2950 0.1543 -0.0021
3000000. 50.00 180.0000 0.3278 0.2917 0.1484 -0.0182
3000000. 50.00 195.0000 0.3323 0.2999 0.1392 -0.0327
3000000. 60.00 210.0000 0.3448 0.3169 0.1293 -0.0423
3000000. 50.00 225.0000 0.3619 0.3391 0.1184 -0.0445
5000000. 50.00 240.0000 0.3780 0.3607 0.1067 -0.0383
3000000. 50.00 255.0000 0.3886 0.3762 0.0947 -0.0235
3000000. 50.00 270.0000 0.3901 0.3806 0.0856 -0.0033
3000000. 50.00 285.0000 0.3840 0.3745 0.0531 0.C178
3000000. 5u.00 300.0000 0.3710 0.3584 0.0888 0.0360
3000000. 50.00 315.0000 0.3538 0.3363 0.0996 0.0458
3000000. 50.00 330.0000 0.3372 0.3i47 0.1123 0.0452
3000000. 50.Ij0 345.0000 0.3253 0.2983 0.1246 0.G366
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3000000. 60.00 0. 0.3426 0.3263 0.1052 0.0203
3000000. 60.00 15.0000 0.3440 0.3268 0.1071 0.0082
3006000. 60.00 30.0000 0.3486 0.3317 0.1073 -0.0028
3000000. 60.00 45.0000 0.3564 0.3404 0.1051 -0.0113
3000000. 60.00 60.0000 0.3672 0.3523 0.1021 -0.0166
3000000. 60.00 75.0000 0.3805 0.3667 0.1003 -0.0171
3000000. 60.00 90.0000 0.3922 0.3790 0.1003 -0.0112
3000000. 60.00 105.0000 0.3975 0.3540 0.1027 -0.0016
3000000. 60.00 ;20.0000 0.3961 0.3812 0.1072 0.0075
3000000. 60.00 135.0000 0.3882 0,37!2 0.1131 0.0129
3000000. 60.00 I50.OuO0 0.3762 0.3570 0.1184 0.0101
3000000. 60.00 165.0000 0.3664 0.3460 0.1203 -0.0004
3000C00. 60.00 180.0000 0.3614 0.3414 0.1178 -0.0144
3000000. 60.00 195.0000 0.3632 0.3450 0.1100 -0.0285
3000000. 60.00 210.000 0.3718 0.3567 0.0977 -0.0379
3000000. 60.00 225.0000 0.3833 0.3721 0.0831 -0.0392
3000000. 60.00 240.0000 0.3939 0.3065 0.0688 -0.0319
3000000. 60.00 255.0000 0.3995 0.3950 0.057S -0.0165
3000000. 60.00 270.0000 0.3975 0.3942 0.0515 0.002!
3000000. 60.00 285.0000 0.3908 0.3869 0.0516 0.0193
3000000. 60.00 300.0000 0.3810 0.3750 0.0580 0.0337
3000000. 60.00 315.0000 0.3679 0.3588 0.0697 0.0420
3000000. 60.00 330.0000 0.3546 0.3423 0.0831 0.0608
3000000. 60.00 345.0000 0.3459 0.3310 0.0950 0.0,Z3

3000000. 70.00 0. 0.3614 0.3532 0.0740 0.0188
3000000. 70.00 15.0000 0.3619 0.3534 0.0777 0.0085
3000000. 70.00 30.0000 0.3647 0.3562 0.0779 -0.0014
3000000. 70.00 45.0000 0.3696 0.3617 0.0755 -0.0100
3000000. 70.00 60.0000 0.3773 0.3702 0.0711 -0.0165
3000000. 70.00 75.0000 0.3874 0.3813 C.0658 -0.0188
3000000. 70.00 90.0000 0.3976 0.3925 0.0617 -0.0154
3000000. 70.00 105.0000 0.4045 0.3998 0.0610 -0.0077
3000000. 70.OC 120.0000 0.4063 0.4012 0.0640 0.0008
3000000. 70.00 135.0000 0.4026 0.3965 0.0697 0.0062
3000000. 70.00 150.0000 0.3958 0.3884 0.0760 0.0052
3000000. 70.00 165.0000 0.3897 0.3814 0.0796 -0.0021
3000000. 70.00 180.0000 0.3865 0.3783 0.0783 -0.0124
3000000. 70.00 195.0000 0.3867 0.3793 0.0716 -0.0223
3000000. 70.00 210.0000 0.3897 0.3839 0.0605 -0.0286
3000000. 70.00 225.0000 0.3943 0.3904 0.0472 -0.0290
3000000. 70.00 240.0000 0.3990 0.3968 0.0347 -0.0224
3000000. 70.00 255.0000 0.4011 0.4002 0.0259 -0.0097
3000000. 70.00 270.0000 0.3991 0.3984 0.0229 0.0058
3000000. 70.00 285.0000 0.3934 0.3920 0.0255 0.0202
3000000. 70.00 300.0000 0.3855 0.3828 0.0330 0.0309
3000000. 70.00 315.0000 0.3767 0.3724 0.0%40 0.0363
3000000. 70.00 330.0000 0.3688 0.3628 0.0563 0.0351
3000000. 70.00 345.0000 0.3635 0.3562 0.0668 0.0284
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3000000. 80.00 0. 0.3778 0.3746 0.0457 0.0170
30000010 MO ! 15.0000 0.3783 0.3749 0.0492 0.0089

3000000. 80.00 30.0000 0.3800 0.3767 0.0499 0.0007
3000000. 80.00 45.0000 0.3828 0.3797 0.0480 -0.0066
3000000. 80.00 60.0000 0.3865 0.3838 0.0440 -0.0122
3000000. 80.00 75.0000 0.3910 0.3887 0.0381 -0.0151
3000000. 80.00 90.0000 0.3954 0.3937 G.0336 -0.0150
300u000. 80.00 105.0000 0.3990 0.3977 0.0301 -0.0123
3000000. 80.00 120.0000 0.4012 0.4000 0.0291 -0.0086
3000000. 80.00 135.'000 0.4016 0.4004 0.0302 -0.0059
3000000. 80.00 15C.0000 0.4007 0.3993 0.0323 -u.0056
3000000. 80.00 165.0000 0.3991 0.3977 0.0334 -0.0078
3000000. 80.00 180.0000 0.3977 0.3962 0.032U -0.0116
3000000. 80.00 195.0000 0.3968 0.3955 0.0270 -0.0152
3000000. 80.00 210.0000 0.3964 0.3955 0.0212 -0.0168
3000000. 80.00 225.0000 0.3965 0.3960 0.013j -0.0153
3000000. 80.00 240.0000 0.3966 0.3964 0.0064 -0.0100
3000000. 80.00 255.0000 0.3960 0.3960 0.0018 -0.0015
3000000. 80.00 270.0000 0.3943 0.3942 0.0011 0.0086
3000000. 80.00 285.0000 0.3915 0.3910 0.0047 0.0182
3000000. 80.00 300.0000 0.3878 0.3868 0.0118 0.0254
3000000. 80.00 315.0000 0.3840 0.3824 0.021G 0.0288
3000000. 80.00 330.0000 0.3808 0.3785 0.0308 0.0281
3000000. 80.00 345.0000 0.3786 0.3758 0.0393 0.0238

3000000. 90.Ou 0. 0.3925 0.3920 0 0
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(fett) (degrees) (deognes) (ot viteds) (oersteds) (oersteds) (oersteds)

4000000. -90.00 0. 0.3391 -0.3307 0 v

4000000. -80.00 0. 0.3110 -0.2976 0.0785 0.0443

4000000. -80.00 15.0000 0.3150 -0.3029 0.0660 0.0560

4000000. -80.00 30.0000 0.3202 -0.3094 0.0513 0.0643

4000000. -80.00 45.0000 0.3262 -0.3168 0.0353 0.0689

4000000. -80.00 60.0000 0.3328 -0.3249 0.0186 0.0698

4000000. -80.00 75.0000 0.3400 -0.3334 0.001? 0.0667

4000000. -80.00 90.0000 0.3474 -0.3420 -0.0139 0.0594

4000000. -80.00 1OS.0003 0.3546 -0.3503 -0.0277 0.0477

4000000. -80.00 120.0000 0.3608 -0.357h -0.030i 0.0323

4000000. -80.00 135.0000 0.3658 -0.3628 -0.0443 0.014

400O003. -8,.00 150.0000 0.3689 -0.3659 -0.0458 -0.0058

4000000. -80.00 165.0000 0.3696 -0.3663 -0.0421 -0.0262

4000000. -83.00 180.0000 0.3676 -0.3633 -0.0331 -0.0454

4000000. -80.00 195.00OU 0.3627 -0.3569 -0.0192 -0.0614

4000000. -80.00 210.0000 0.3553 -0.3478 -0.0017 -0.0724

4000000. -80.00 225.0000 0.3464 -0.3371 0.0179 -0.0776

4000000. -80.00 24MO000 0.3369 -0.3260 0.0378 -0.0765

4000000. -80.00 255.0000 0.3281 -0.3155 0.0565 -0.0697

4000000. -80.00 270.0000 0.3204 -0.306T 0.0726 -0.0579

4000000. -80.00 285.0000 0.3145 -0.2998 0.0349 -0.0424

4000000. -80.00 300.0000 0.3104 -0.2952 0.0927 -0.0245

4C00000. -80.00 315.0000 0.3081 -0.2928 0.0956 -0.0058

4000000. -80.00 330.0000 0.3074 -0.2924 0.0940 0.0126

4000000. -80.00 345.0000 0.3084 -0.2941 0.0881 0.0295

4000000. -70.00 0. 0.2784 -0.2591 0.0922 0.0434

4000000. -10.00 15.0000 0.2859 -0.2689 0.0814 0.0532

4000000. -70.00 30.0000 0.2958 -0.2811 0.0697 0.0599

4000000. -70.00 45.0000 0.3070 -0.2948 0.0571 0.0639

4000000. -70.00 oO.0000 0.3192 -0.3094 0.0437 0.0653

4000000. -76.00 75.0000 0.3329 -0.3254 0.0298 0.0639

4000000. -70.00 90.0000 0.3478 -0.3425 0.0160 0.05PO

4000000. -70.00 105.0000 0.3619 -0.3589 0.0041 0.04o3

4000000. -70.00 120.00CI 0.3731 -0.3718 -0.0037 0.0301

4CO0000. -70.00 135,0000 0.3810 -0.3807 -0.0067 0.0119

4000000. -70.00 150.0000 0.3863 -0.3862 -0.0052 -0.0068

4000000. -70.00 165.0000 0.3885 -0.3875 0.0003 -0.0264

4000000. -70.00 180.0000 0.3852 -0.3823 0.0102 -0.0456

4000000. -70.00 195.0000 0.3757 -0.3700 0.0235 -0.0607

4000000. -70.00 220.0000 0.3618 -0.3530 0.0380 -0.0698

4003000. -70.00 225.0000 0.3459 -0.3340 0.0522 -0.0734

40000 . --70.00 240.0000 0.3294 -0.3144 0.0663 -0.0725

4000000. -70.00 255.0000 0.3133 -0.2952 0.0806 -0.0669

4000000, -70.00 270.0000 0.2988 -0.2779 0.0944 -0.0561

4000000. -70.00 285.0000 0.2873 -0.2641 0.1056 -0.0402

4000000. -70.00 300.0000 0.2794 -0.2550 0.1120 -0.0214

4000000. -70.00 315.0000 0.2748 -0.2505 0.1130 -0.0022

4000000. -70.00 330.0000 0.2730 -0.2498 0.1091 0.0154

4000000. -70.00 345.0000 0.2741 -0.2527 0.1018 0.0308
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H THETA PHI B Bz By
(feet) (degrees) (degrees) (oersteds) (oprsteds) (oerzteds) (oersteds)

4000000. -60.00 V. 0.2447 -0.2211 0.095t 0.0428
4000000. -60.00 15.0000 0.2541 -0.2337 0.0870 0.04904000000. -60.00 30.0000 0.2669 -0.2489 0.0798 0.05k0
4000000. -60.00 45.0000 0.2822 -0.2666 0.0724 0.0578
4000000. -60.00 60.0000 0.2995 -0,2864 0.0637 0.0602400000G. -60.00 75.0000 0.3189 -0.3085 0.0540 0.0597
'4000000. -60.00 90.0000 0.3395 -0.3321 0.0446 0.0544
4000000. -60.00 105.0000 0.3592 -0.3547 0.0371 0,.0428
4000000. -60.00 120.0000 0.3146 -0.3722 0.0330 0.0255
4000000. -60.00 135.0000 0.3838 -0.3823 0.0340 0.00634000000. -60.00 150.0000 0.3883 -0.3860 0.0398 -0.0122
4000000. -60.00 165.0000 C.3880 -0.3837 0.0489 -0.0302
4000000. -60.00 180.0000 C,3904 -0.3727 0.0598 -0.0412
4000000. -60.00 195.0000 0.3653 -0.3535 0.0710 -0.0586
4000000. -60.00 210.0000 0.3473 -0.3317 0.0810 -0.0634
4000000. -60.00 225.0000 0.3298 -0.3110 0.0893 -0.0643
400C.000. -60.00 240.0000 0.3126 -11,903 0.0969 -0.0641
4000000. -60.00 255.0000 0.2940 -0.2674 0.1055 -0.06164000000. -60.00 270.0000 0.2746 -0.2436 0.1151 -0.0534
4000000. -60.00 285.0000 0.2573 -0.2227 0.1232 -0.0382
4000000. -60.00 300.0000 0.2448 -0.2086 0.1269 -0.0177
4000000. -60.00 315.0000 0.2381 -0.2031 0.1242 0.0033
4000000. -60.00 330.0000 0.2361 -0.2045 0.1162 0.0209
4000000. -60.00 345.0000 G.2385 -0.2110 0.1058 0.0340

4000000. -50.00 n. 0.2172 -0.1912 0.0938 0.04274000000. -50.00 15.000C 0.2284 -0.2062 0.0875 0.0444000000. -50.00 30.0000 0.2417 -0.2215 0.0841 0.0465
4000000. -50.00 45.0000 0.2583 -0.2395 0.0827 0.0503
4000000. -50.03 60.0000 0.2788 -0.26!R 0.0794 0.0540
4000000. -50.00 75.0000 0.3025 -0.2882 0.0744 0.05454000000. -50.00 90.0000 0.3269 -0.3157 0.0694 0.0489
4000000. -50.00 105.0000 0.3495 -0.3409 0.0673 0.0366
400000C. -50.00 120.0000 0.3661 -0.3590 0.0692 0.0187
4000000. -50.00 135.0000 0.3744 -0.3669 0.07'7 -0.00104000000. -50.00 150.0000 0.3741 -0.3642 0.0833 -0.0189
4000000. -60.00 165.0000 0.3682 -0.3547 0.0921 -0.0337
4000000. -50.00 180.0000 0.3565 -0.3386 0.1012 -0.0465
4000000. -50.00 195.0000 0.3389 -0.3167 0.1080 -0.0541
4000000. -50.00 210.0000 0.3199 -0.2939 0.1130 -0.0564
4000000. -50.00 225.0000 0.3023 -0.2728 0.1177 -0.0561
4000000. -50.00 240.0000 0.2861 -0.2525 0.1222 -0.0561
4000000. -50.00 255.0000 0.2673 -0.2286 0.1271 -0.0553
'jCO0000. -50.00 270.0000 0.2460 -0.2016 0.1321 -0.0489
4000000. -50.00 285.0000 0.2234 -0.1766 0.1358 -0.0341
4000000. -50.00 300.0000 0.2101 -0.1605 0.1350 -0.0120
4000000. -50.00 315.0000 0.2032 -0.1574 0.)281 0.0107
4000000. -50.00 330.0000 0.2034 -0.1643 0.1166 0.0280
4000000. -50.00 345.0000 0.2086 -0.1767 0.1040 0.0382
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H THETA PHI B B2 By 13x
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

4000000. -40.00 0. 0.1984 -0.1100 0.0932 0.0423
4000000. -40.00 IJ.0000 0.2099 -0.1856 0.09G0C 0.04592
4000000t -40.00 30.0000 0.2223 -0.1992 0.0901 0.039?
4000000. -40.00 45.0000 0.2385 -0.2157 0.0928 0.0420
4000000. -40.00 60.0000 0.2598 -0.2372 0.0953 0.0464
4000000. -40.00 75.0000 0.2862 -0.2652 0.0963 0.0480
L 00000O. -40.00 90.0000 0.3130 -0.2945 0.0974 0.0418
4000000. -40.00 105.0000 0.56b5 -0.318, 0.1009 0.0285
4000000. -40.00 120.0000 0.3499 -0.3329 0.1075 0.0106
4000000. -40.00 135.0000 0.3547 -0.3354 0.1151 -0.0072
4000000. -40.00 ]bO.0000 0.3503 -0.3277 0.1217 -0.0229
4000000. -40.00 165.0000 0.3404 -0.3134 0.1282 -0.0351
4000000. -40.00 180.0000 0.3260 -0.2938 0.1341 -0.044i
4000000. -40.00 195.0000 0.3078 -0.2708 0.1379 -0.0490
4000000. -40.00 210.0000 0.2904 -0.2494 O.iO -0.0499
4000000. -40.00 225.uOO 0.2736 -0.2286 0.1M19 -0.0500
4000000. -40.00 240.0000 0.2569 -0.2072 0.143b -0.0498
4000000. -40.00 255.0000 0.2383 -0.1832 0.144&L -0.0489
4000000. -40.00 270.0000 0.2173 -0.1560 0.149 -0.0431
4000000. -40.00 285.0000 0.1965 -0.1308 0.1439 -p.0284
4000000. -40.00 300.0000 0.1815 -0.1162 0.1393 -0.005'
4000000. -40.00 315.0000 0.1762 -0.1175 0.1300 0.&83
4000000. -40.00 330.0000 0.1792 -0.1312 0.1169 0.0354
4000000. -40.00 345.0000 0.1877 -0.1510 0.1030 0.0427

4000000. -30.00 0. 0.1885 -0.1543 0.0997 .0419
4000000. -30.00 ;5.0000 0.1982 -0.1689 0.0980 0.0341
4000000. -30.00 30.0000 0.2092 -0.1801 0.101x 0.0323
4000000. -30.00 45.0000 0.2241 -0.1936 0.1077 0.0332
4000000. -30.00 60.0000 0.2431 -0.2109 0.149 0.0375
4000000. -30.00 15.0000 0.2681 -0.2356 0.1216 0.0396
4000000. -30.00 90.0000 0.2937 -0.2622 0.1280 0.0334
4000000. -30.00 105.0000 0.3136 -0.2818 0.1363 0.0196
4000000. -30.00 120.0000 U.3240 -0.2893 0.1459 0.0027
4000000. -30.00 135.0000 0.3247 -0.2859 0.1536 -0.0115
4000000. -30.00 150.0000 0.3189 -0.2759 0.1582 -O.0243
4000000. -30.00 165.0000 0.3075 -0.2594 0.1616 -0.0347
4000000. -30.00 180.0000 0.2919 -0.2382 0.1635 -0.0417
40000CO. -30.00 195.0000 0.2748 -0.2161 0.1638 -0.0445
4000000. -30.00 210.0000 0.2587 -0.1951 0.1638 -0.0449
4000000. -30.00 225.0000 0.2431 -0.1747 0.1630 -0.0444
4000000. -30.00 240.0000 0.2277 -0.1549 0.1612 -0.0I35
4J00000. -30.00 255.0000 0.2117 -0.1331 0.1590 -0.0426
4000000. -30.00 270.0000 0.1937 -0.1081 0.1561 -0.036b
4000000. -30.00 285.0000 0.1762 -0.0855 o,.1525 -0.0220
4000000. -30.00 300.0000 0.1635 -0.0746 0.1455 0.0015
4000000. -30.00 315.0000 0.1595 -0.0814 0.1348 0.0255
4000000. -30.00 330.0000 0.1644 -0.1024 0.1216 0.0422
4000000. -30.00 345.0000 0.1760 -0.1302 0.1086 0.0473
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H TMMTA PHI B By Bic
(feet) (degrees) (dogree) (oersteds) (oersteds) (oerstedts) (oersteds)

4000000. 0.00 0. 0.1755 -0.0507 0.1636 0.0371
4000000. 0.00 15.0000 0.1829 -0.0628 0.1703 0.0224
4000000. 0.00 3b.0000 0.1889 -0.0644 0.1771 0.0130
4000000. 0.00 45.0000 0.1950 -0.0614 0.184;8 0.0105
4000000. 0.00 60.0000 0.2042 -0.0625 0.1940 0.0139
4000000. 0.00 75.0000 0.2161 -0.0709 0.2034 0.0161
4000000. 0.00 q0.0000 0.2273 -0.0806 0.2122 0.0107
4000000. 0.00 105.0000 0.2321 -0.0804 0.2178 -0.0004
4000000. 0.00 120.0000 0.2299 -0.0713 0.2484 -0.0081
1000000. 0.00 135.0000 0.2243 -0.0625 0.2151 -0.0122

o000000. 0.00 150.0000 0.2174 -0.0543 0.2097 -0.0126
'000000. 0.00 1,65.0000 0.2098 -0.041 0.2039 -.0.0269
'000000. 0.00 1180.0000 0.2027 -0.0244 0.1981 -0.0317
4000000. 0.o0 195.0000 0.1976 -0.0082 0.h946 -0.0331
4000000. 0.00 210.0000 0.1941 0.0056 0.1912 -0.0329
4000000. 0.00 225.0000 0.1923 0.0179 0.1887 -0.0324
4000000. C.00 240.0000 0.192 0.0311 0.1871 -0.0322
4000000. 0.00 255.0000 0.1934 0.0172 0.1850 -0.0306
4000000. 0.00 270.0000 0.1945 0.0661 0.181 -0.0238
4000000. 0.00 .285.0000 0.1935 0.0808 0.1757 -0.0)65
4000000. 0.00 300.0000 0.1871 0.0791 0.1685 0.0184
4000000. 0.00 515.0000 0.1773 0.0571 0.1628 0.0411
1000000. 0.00 330.0000 0.1695 0.0199 0.1593 0.0543
4000000. 0.00 .545.0000 0.1690 -0.0218 0.1593 0,0520

4000000. !0.00 0. 0.1823 0.0134 0.1788 0.0327
4000000. 10.00 15.0000 0.1870 0.0060 0.1860 0.0182
4000000. 10.00 30.0000 0.1926 0.0077 0.1923 0.0086
4000000. 10.00 45.0000 0,1991 0.0130 0.1986 0.0055
1000000. 10.00 60.0000 0.2073 0.0159 0.2065 0. )79
1000000. 10.00 75.0000 0.2162 0.0122 0.2956 0.0 01
1.000000. 10.00 90.0000 0.2233 0.0070 0.2231 0.0065
1000000. 10.00 105.0000 0.2253 0.0081 0.2251 -0.0011
400000. 10.00 120.0000 0.2222 0.0142 0,2217 -0.0055
400C000. 10.00 135.0000 0.2156 0.0184 0.2146 -0.0081
1000000. 10.00 150.0000 0.2078 0.0218 0.2061 -0.0140
1000000. 10.0) 165.0000 0.2015 0.0306 0.11979 -0.0228
'O000000. 10,00 180.0000 0.1981 0.042 0.!L910 -0.0285
4.000000. 10.00 195.0000 0.1979 0.0586 0.1864 -0.0314
4000000. 10.00 210.0000 0.2005 0.0719 0.1844 -0.0320
4000000. 10.00 225.0000 0.,2053 0.,0848 0.18%1 -0.0323
4000000. 10.00 240.0000 0.2114 0.0992 0.1839 -0.0320
4000000. 10.00 255.0000 0.2180 0.1159 0.1823 -0.0293
4000000. 10.00 270.0000 0.2239 0.1340 0.1781 -0.0207
1000000. 10.00 285.0000 0.2250 0.1458 0.1713 -0.0018
1000000. 10.00 300.0000 0.2173 0.1397 0.1o9 0.0227
1000000. 10,00 ;i15.0000 0.2036 0.1152 0.1622 0.0434
4000000. 10.00 ;i30,0000 0.1895 0.0774 0.1641 0.0545

o000000. 10.00 145.0000 0.1814 0. 373 0.1705 0.0493
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H TMIA PHI B EDy(feet) (dogreos) (degrees) (ucsteds) (oersteds) (oersteds) (oersteds)

4000000. 20.00 C. 0.2020 U.,851 0.1809 0.02864000000. 20.00 15.0000 0.2044 0.0806 0.1373 0.014,94000000. 20.00 30.0000 0.2100 0.0844 0.1922 0.00514000000. 20.00 U5.0000 0.21? 0.0918 0.1975 0.00134000000. 20.00 60.0000 0.2265 0.0979 0.2042 0.00254000000. 20.00 75.0000 U.2341 0.0992 0.2120 0.00464000000. 20.0 90.0000 0.2392 0.0978 0.2182 0.00314000000. 20.03 105.0000 0.2399 0.0976 0.2191 0.00024000000. 20.C0 120.0000 0.2359 0.0989 0.2142 -0.00114000000. 20.00 135.0000 0.2271 0.0960 0.205a -0.00214000000. 20.00 150.000 0.2170 0.0924 0.1962 -0.00804000000. 20.Ou 165.0000 0.2101 0.0952 0.1864 -0.01774O000GO. 20.00 180.O00n 0.2087 0.1050 0.1786 -O.0;!s4000000. 20.00 195.0000 0.2127 0.1182 0.1741 -0.0,1074000000. 20.00 210.0000 0.2202 0.1328 0.1725 -0.03324000000. 20.00 225.0000 0.2304 0.1486 0.1726 -0.03424000000. 20.00 240.0000 0.2417 0.1659 0.1727 -0.03314000000. 20.00 255.0000 0.2525 0.1840 0.1705 -0.02844000000. 20.00 270.0000 0.2602 0.2007 0.1648 -0.01704000000. 20.03 285.0000 0.2605 0.2076 0.1573 0.00334000000. 20.00 300.0000 0.2506 0.1971 0.1525 0.02644000000. 20.00 315.0000 0.2341 0.1714 0.1531 O.Of434000000. 20.00 330.0000 0.2164 0.1362 0.1600 0.05194000000. 20.00 345.0000 0.2048 0.1030 0.1713 0.0445
4000000. 30.00 0. 0.2301 0.1545 0,1687 0.02,)4000000. 30.00 15.0000 0.2315 0.1517 0.1744 0.01254000000. 30.00 30.0000 0.2370 0.1564 0.1780 0.00234000000. 30.00 45.0000 0.2457 0.1654 0.1817 -0.00254000000. 30.00 60.0000 0.2554 0.1744 0.1866 -0.00244000000. 30.00 75.0000 0,2633 0.1795 0.1926 -0.00034000000. 30.00 90.0000 0.2604 0.1814 0.1978 0.00104000000. 30.00 105.0000 0.2693 0.1812 0.1992 0.00184000000. 30.00 120.0000 0.2641 0.1775 0.1956 0o00384000000. 30.00 135.0000 0.2535 0.1684 0.1894 0.00414000000. 30.00 150.0000 0.2410 0.1583 0.1817 -0.00154000000. 30.00 165.0000 0.2323 0.1544 0.1731 --0.01214000000. 30.00 180.0000 0.2307 0.1594 0.1652 -0.02294000000. 30.00 195.0000 0.2366 0.1718 0.1598 -0.0.5074000000. 30.00 210.0000 0.2472 0.1879 0.1568 -0.03524000000. 30.00 225.0000 0.2612 0.2068 0.1552 -0.03684000000. 30.00 240.0000 0.2759 0.2271 0.1529 -0.O0 464000000. 30.00 255.0000 0.2888 0.2461 0.1486 -0.02724000000. 30.00 270.0000 0.2961 0.2597 0.41 -0.011264000000. 30.00 285.0000 0.2942 0.2612 0.1351 0.00814000000. 30.00 300.0000 0.2826 0.2477 0.1330 0.02924000000. 30.00 315.0000 0.2649 0.2223 0.1372 0.0%384000000. 30.00 330.0000 0.2468 0 1921 0.1474 0.04754000000. 30.00 345.0000 0.2349 0.1676 0.1597 0.0396

AsD-?I3-62-3 4724



H THETA PHI B Bs pl X(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

4000000. 40MOO 0. 0.2590 0.2126 0.1461 0.02294000000. 40.00 15.0000 0.2599 0.2112 0.1510 0.01054000000. 40.00 30.0000 0.2653 0.2162 0.1537 0.00044000000. 40.00 45.0000 0.2741 0.2257 0.1555 -0.00554000000. 40.00 60.0000 0.2848 0.2366 0.1582 -0.00684000000. 40.00 75.0000 0.2939 0.2450 0.1623 -0.00494000000. 40.00 90.0000 0.3006 0.2504 0.1664 -0.00214 000 000. 40.00 105.0000 0.3026 0.2515 0.1683 0.00244000000. 40.00 120.0000 0.2973 0.2453 0.1677 0.00734000000. 40.00 135.0000 .28S6 0.2326 0.1655 0,00V4000000. 40.00 150.00C0 .27!7 0.2181 0.1620 0.00394000000, 40.00 165.00 0.2620 0.2097 0.1568 -0.00124000000. 40.00 180.0000 n.2597 0.2109 0.1502 -0..0200000000. 40.00 195.0000 0.2657 0.2215 0.1437 -0.03034000000. 40.00 210.0000 0.2774 0.2378 0.1380 -0.03664000000. 40.00 225.0000 0.2926 0.2580 0.1326 -0.03854000000, 40.00 240.0000 0.3078 0.2785 0.12S3 -0.03484000000. 40.00 255.0000 0.3201 0.2962 0.188 -0.02474000000. 40.00 270.0000 0.3252 0.3056 0.1111 -0.00814000000. 40.00 285.0000 0.3215 0.3030 0.11)66 0.0!2:4000000. 40.00 300.0000 0.3091 0.2880 0.1079 0.03074000000. 40.00 315.0000 0.2923 0.2653 0.1153 0.04184000000. 40.00 330.0000 0.2763 0.2438 0.268 0.04294000030. 40.00 345.0000 0.2649 0.2233 0.1380 0.0357

4000000. 50.00 0. 0,2846 0.2575 0.1194 0.02084000000. 50.00 15.0000 0.2853 0.2569 0.1238 0.00914000000. 50.00 30.0000 0.2902 0.2618 0.1253 -0.00074000000. 50.00 45.0000 0.2984 0.2707 0.!253 -0.00764000000. 50.00 60.0000 0.3089 0.2821 0.1254 -0.01034000000. 50.00 75.0000 0.3192 0.2928 0.1269 -0.00924000000. 50.00 90.0000 0.3271 0.3007 0.1288 -0.00514000000. 50.00 105.0000 0.3299 0.3030 0.1306 0.00154000000. 50.00 120.0000 0.3261 0.2977 0.1330 0900804000000. 50.00 135.0000 0.3164 0.2857 0.1356 0.01094000000. 50.00 150.0000 0.3044 0.2716 0.1372 0.00664000000. 50.00 165.0000 0.2952 0.2621 0.1358 -(.00384000000. 50.00 180.0000 0.2917 0.2602 0.1308 -0.01684000000. 50.00 195.0000 0.2956 0.2672 0.1231 -3.02854000000. 50.00 210.0000 0.3059 0.2814 0.11 4 -0.03614000000. 50.00 225.0000 0.3196 0.2995 0.1049 -0.03784U00000. 50.00 240.0000 0.3327 0.3172 0.094 -0.03254000000. 50.00 255.0000 0.3415 0.3302 0.0849 -0.02034000000. 50.GJ 270.0000 0.3432 0.3343 0.0775 -0.00344000000. 50.00 285.0000 0.3383 0.3295 0.0754 0.01464000000. 50.00 300.0000 0.3276 0.3162 0.0800 0.03024000000. 50.00 315.0000 0.3133 0.2978 0.0892 0.03894000000. 50.00 330.0000 0.2995 0.2794 0.1004 0.01914000000, 50.00 345.0000 0.2894 0.2652 0.1112 0.0-22
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H TY-TA PHI B Bz BY Bx
(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

4000000. 60.00 0. 0.3058 0.2910 0.0922 0.0189

4000000. 60.00 15.0000 0.3064 0.2908 0.0959 0.0086

.O0000. 60.00 30.0000 0.3101 0.2947 0.0966 -0.0008
4000000. 60.00 45.0000 0.3165 0.3017 0.0951 -0.0080
4.000000. 60.00 60.0000 0.3252 0.3114 0.0928 -0.0123
110000(10. 60.00 75.0000 0.3354 0.3225 0.0913 -0.125
4000000. 60.00 90.0000 0.3440 0.3317 0.0911 -0.0083
4000000. 60.00 105.0000 0.3481 0.3356 0.0927 -0.0013
'000000. 60.00 120.0000 0.3469 0.3332 0.0962 0.0054
4000000. 60.00 135.0000 0.3407 0.3253 0.1008 0.0089
4000000. 60.00 150.0000 0.3319 0.3148 0.1049 0.0061
4000000. 60.00 165.0000 0.324 0.3065 0.1062 -0.0025
400UU00. 60.00 180.0000 0.3210 0.3035 0.1036 -0.0139
4nno0000 60.00 195.0000 0.3229 0.3070 0.0967 -0.0250
4000000. 60.00 210.0000 0.3297 0.3165 0.0864 -0.0324
40O000. 60.00 225.COOO 0.3390 0.3291 0.0741 -0.0333
4000000. 60.00 240.0000 0.3475 0.3409 0.0621 -0.0272

4000000. 60.00 255.0000 0.3522 0.3480 0.0526 -0.017

4000000. 60.00 270.0000 0.3514 0.3481 0.047 0.0008
'O00000O. 60.00 285.0000 0.3461 0.3425 0.0476 0.0159
4000000. 60.00 300.0000 0.3379 0.3324 0.0532 0.0283
4000000. 60.00 315.0000 0.3272 0.3191 0.0630 0.0354

000000. 60.00 33C.0000 0.3164 0.3055 0.0145 0.0352
4000000. 60.00 345.0000 0.3090 0.2957 0.0849 0.0286

4000000. 70.00 0. 0.3231 0.3150 0.0659 0.0175
4000000. 70.00 15.o0000 0.3233 0.3157 0.0694 0.0087
4000000. 70.00 3C.0000 0.3256 0.3180 0.0699 0.0003
4000000. 70.00 45.0000 0.3298 0.3226 0.0681 -0.0068

4000000. 70.00 60.0000 0.3359 0.3294 0.0647 -0.0118
4000000. 70.00 75.0000 0.3435 0.3378 0.0608 -0.0135
.000000. 70.00 90.0000 0.3508 0.3458 0.0518 -00110
4000000. 70.00 105.0000 0.3556 0.3509 0.0572 -0.0057

4000000. 70.00 120.0000 0.356) 0.3516 0.05911 0.0000

4000000. 70.00 135.0000 0.3541 0.3483 0.0637 0.0033

4000000. 70.00 150.0000 0.3494 0.342? 0.0682 0.0019
4000000. 70.00 165.0000 0.3451 0.3378 0.0705 -0.0040

4000000. 70.00 180.0000 0.3428 0.3356 0.0690 -0.0123

'000000. 70.00 195.0000 0.3432 0.3367 0.0632 -0.0201

4000000. 70.00 210.0000 0.3458 0.3407 0.0539 -0.0250

'000oo0. 73.00 225.0000 0.3497 0.3461 0.0428 -0.0250

4000000. 70.00 240.0000 0.3533 0.3513 0.0323 -0.019

4000000. 70.00 255.0000 0.3550 0.3540 0.0248 --0.0089

'000000. 70.00 270.0000 0.3536 0.3529 0.0220 0.0039

'000000. 70.00 285.0000 0.3493 0.3481 0.0240 0.0162

4000000. 70.00 300.0000 0.3431 0.3408 0.0303 0.0256

4000000. 70.00 315.0000 0.3361 0.3323 0.0391 0.0306

4000000. 0.00 330.0000 G.3297 0.3244 0.0501 0.0302

4000000. 70.00 345.0000 0.3252 0.3187 0.0594 0.0252
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(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oerstede)

4000000. 80.00 0. 0.3379 0.3352 0.0395 0.0159

4000000. 80.00 15.0000 0.3381 0.3352 0.0429 0.0093

4000000. 80.00 30.0000 0.3393 0.3364 0.0439 0.0026

4000000. 80.00 45.0000 0.314 0.3387 0.0427 -0.0036

4000000. 80.00 60.0000 0.3443 0.3U19 0.0398 -0.0082

1O0000GO. 80.00 75.0000 0.3477 0.3457 0.0360 -0.0107

1000000. 80.00 90.0000 0.3509 0.3493 0.0323 -0.0109

4000000. 80.00 105.0000 0.3535 0.3522 0.0298 -0.0094

4000000. 80.00 120.0000 0.3550 0.3538 0.0290 -0.007a

4000000. 80.00 135.0000 0.3553 0.3540 0.0297 -0.0060

4000000. 80.00 150.0000 0.3547 0.3533 0.0308 -0.0060.

4000000. 80.00 165.0000 0.3538 0.3523 0.03;0 -0.0086

1O000000. 80.00 180.0000 0.3529 0.3515 0.0293 -0.0118

4000000. 80.00 195.0000 0.3525 0.3513 0.0253 -0.0147

4000000. 80.00 210.0000 0.3524 0.3516 0.0194 -0.0158

4.00000. 80.00 225An000 0.3526 0.3521 0.0127 -0.0142

1000000. 8000 220.0000 0.3527 0.3525 0.0067 -0.0095

4000000. 80.00 255.0000 0.3522 0.3522 0.0027 -0.0022

4000000. 80.00 270.0000 0.3509 0.3509 0.0020 0.0063

4000000. 80.00 285.0000 0.387 0.3484 0.00.8 0.01.6

4000000. 80.00 300.0000 0.3460 0.3452 0.0105 0.0209

4000000. 80.00 315.0000 0.3431 0.3417 0.0182 0.0242

1000000. 80.00 330.0000 0.3405 0.3386 0.026 0.0242

4000000. 80.00 345.0000 0.3387 0.3363 0.0338 0.0212

PO0E0000. 90.00 0. 0.3496 0.3%92 0 0
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H THETA PHI B Bz By Bx
(feet) (degrees) (degreea) (oersteds) (oersteds) (oersteds) (oersteds)

5000000. -90.00 6. 0.3020 -0.2951 0 0

5000000. -80.00 0. 0.2775 -0.2662 0.0681 0.0390
5000000. -80.00 15.0000 0.2810 -0.2707 0.0571 0.0490
5000030. -80.00 30.0000 0.2855 -0.2764 0.0443 0.0561
5000000. -80.00 45.0000 0,?909 -0.2330 0.0303 0.0600
5000000. -80.00 60.0000 0.2968 -0.2902 0.0157 0.0605
5000000. -80.00 75.0000 0.3032 -0.2977 0.0012 0.0574
5000000. -80.00 90.0000 0.3096 -0.3052 -0.0123 0.0504
5000000. -80.00 105.0000 0.3155 -0.3121 -0.0239 0.0399
5000000. -80.00 120.0000 0.3206 -0.3179 -0.0325 0.0262
5000000. -80.00 135.0000 0.3244 -0.3220 -0.0374 0.0102
5000000. -80.00 150.0000 0-3265 -0.3242 -0.0380 -0.0069
5000000. -80.00 165.0000 0.3268 -0.3241 -0.0342 -0.0240
5000000. -80.00 180.0000 0.3248 -0.3213 -0.0260 -0.0398
5000000. -80.00 195.0000 0.3208 -0.3161 -0.0140 -0.0528
5000000. -80.00 210.0000 0.3149 -0.3088 0.0010 -0.0618
5000000. -80.00 225.0000 0.3078 -0.3001 0.0176 -0.0660
5000000. -80.00 240.0000 0.3001 -0.2909 0.0345 -0.0652
5000000. -80.00 255.0000 0.2927 -0.2821 0.0504 -0.0595
5000000. -80.00 270.0000 0.2862 -0.2745 0.0642 -0.0495
5000000. -80.00 285.0000 0.2810 -0.2684 0.0747 -0.0361
5000000. -80.00 300.0000 0.2773 -0.2643 0.0813 -0.0207
5000000. -8C.00 315.0000 0.2751 -0.2620 0.0837 -0.0044
5000000. -80.PO 330.0000 0.2745 -0.2617 0.0820 0.0116
5000000. -80.00 345.0000 0.2753 -0.2631 0.0767 0.0263

5000000. -70.00 0. 0.2496 -0.2331 0.0805 0.0384
5000000. -70.00 15.0000 0.2561 -0.2416 0.0708 0.0466
5000000. -70.00 30.0000 0.2645 -0.2521 G.0605 0.0523
5000000. -70.00 45.0000 0.2743 -0.2640 0.0495 0.0557
5000000. -70.00 60.0000 0.2853 -0.7770 0.0379 0.0567
5000000. -70.00 75.0000 0.2972 -0.2910 0.0260 0.0548
5000000. -70.00 90.0000 0.3096 -0.3054 0.0144 O.Cq9
5000000. -70.00 105.0000 0.3212 -6.3186 0.0046 0.0386
5060000. -70.00 120.0000 0.3306 -0.3297 -0.0020 0.0247
5000000. -70.00 135.0000 0.3373 -0.3371 -0.0045 0.0088
5000000. -?0.00 150.0000 0.3412 -0.3411 -0.0031 -0.0078
5000000. -70.00 165.0000 0.3419 -0.3410 0.0021 -0.0246
5000000. -70.00 180.0000 0.3383 -0.3357 0.0108 -0.0402
5000000. -70.00 195.0000 0.3302 -0.3253 0.022s -0.0524
5000000. -70.00 210.0000 0.31,39 -0.3'12 0.c3 u -C.0599
5000000. -70.03 225.0000 0.3058 -0-2955 0.047f -0.0629
5000000. -70.00 240.0000 0,2922 -0.2791 0.0602 -0.0620
5000000. -70.00 255.0000 0.2788 -0.2630 0.0726 -0.0571
5C00000. -70.00 270.0000 0.2666 -0.2485 0.0842 -0.0476
5000000. -10.00 285.0000 0.2568 -0.2368 0.0934 -0.0340
5000000. -70.00 300.0000 0.2499 -0.2289 0.0986 -0.0179
5000000. -70.00 315.0000 0.2457 -8.2248 0.0993 -0.0012
5000000. -70.00 330.0000 0.2445 -0.?244 0.09j7 0.0143
5000000. --71.00 345.0000 0.-456 -0.2272 0.0890 0.0f77
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(feet) (degrees) (degrees) (Oersteds) (cersteds) (oersteds) (oersteds)

500000. -60.00 0. 0.2207 -0.2003 0.0847 0M0580

5000000. -60.00 15.0000 0.2293 -0.2115 0.077, 0.0433

5000000. -60.00 30.0000 0.2403 -0.2249 0.07'i 0.0473

5000000. -60.00 45.0000 G.2536 -0.2402 0.0638 0.0504

5000000. -60.00 60.0000 0.2687 -0.2575 0.0562 0.0521

5000000. -60.00 75.0000 0.2852 -0.2765 0.0479 0.05)1

5000000. -60.00 90.0000 0..326 -0.2965 0.0398 0.0460

500000C. -60.00 105.0000 0.3189 -0.3152 0.0334 0.0356

5000000. -60.00 120.0000 0.3315 -0.3295 0.0302 0.0208

SO00000. -60.00 135.0000 0.3391 -0.3377 0.0312 0.0043

5000000. -60.00 150.0000 0.3423 -0.3402 0.0360 -0.0118

5000000. -60.00 165.0000 0.3411 -0.3372 0.0435 -0.0272

5000000. -60.00 180.0000 C.3342 -0.3275 0.0526 -0.O4iO

5000000. -60.00 195.0000 0.3218 -0.S116 0.0623 -0.0506

5000000. -60.00 210.0000 0.3068 -0.2933 0.0712 -0.0551

5000000. -60.00 225.0000 0.2916 -0.2751 0.0790 -0.0561

5000000. -60.00 240.0000 0.2766 -0.2568 6.0864 -0.0556

5000000. -60.00 255.0000 0.2607 -0.2372 0.0943 -0.0527

5000000. -60.00 270.0000 0.2445 02173 M.1026 -0.0451

5000000. -60.00 285.0000 0.2301 -0.2000 0.1093 -0.0318

!M00000. -60.00 300.0000 0.2197 -0.1884 0.1121 -0.0114
5000000. -60.00 315.0000 0.2140 -0.1838 0.1095 0.0036

5000000. -60.00 330.0000 0.2127 -0.1853 0.1026 0.0189

5000000, -60.00 345.0000 0.2151 -0.1913 0.0936 0.0302

5000000. -50.00 0. 0.1968 -0.1735 0.0848 0.0378

5000000. -50.00 15.0000 0.2067 -0.1869 0.0791 0.0394

5000000. -50.00 30.0000 0.2185 -0.2006 0.0762 0.0412

5000000. -50.00 45.0000 0.2330 -0.2165 0.0741 0.0441

5000000. -50.00 60.0000 0.2507 -0.2358 0.0712 0.0k67

5000000. -50.00 75.0000 0.2109 -0.2583 0.0465

5000000. -50.00 90.0000 0.2915 -3z?816 0.0630 0.0413

5000000. -50.00 105.0000 0.3102 -0.30;S 00,12 0.005

5000000. -50.00 120.0000 0.3238 -0.3174 0.0625 0.0153

5000000. -50.00 135.0000 0.3305 -0.3237 0.0669 -0,0014

5000000. -50.00 150.0000 0.3303 -C.3215 0.0737 -0.0168

5000000. -50.00 165.0000 0.3249 -0.3132 0.0815 -0.0298

5000000. -50.00 180.0000 0.3147 -0.2991 0.6889 -0.0406

5000000. -50.00 195.0000 0.2999 -0.2804 0.0952 -0.0471
5000000. -50.00 210.0000 0.2837 -0.2608 0.1002 -0.0444

5000000. -50.00 225.0000 0.2684 -0.2421 0.1046 -0.0496

5000000. -50.00 240.0000 0.2534 -0.2235 0.1089 -0.093

5000000. -50.00 255.0000 0.2370 -0.2026 0.1133 -0.04Y6

5000000. -50.00 270.0000 0.2190 -0.1799 G.1177 -0,0414

5000000. -50.00 285.0000 0.2019 -0.1594 0.1208 -0.0283

5000000. -50.00 !00.0000 0.1895 -0.1463 0.1200 -0.0096

5000000. -50.00 315.0000 0.1839 -0.1438 0.1142 0.0097

5000000. -50.00 330.0000 0.1843 -0.1498 0.1046 0.0241

5000000. -50.00 345.0000 0.1891 -0.1607 0.0933 0.0337
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5000000. -40.00 0. 0.1796 -0.1533 0.0857 0.0375
5000000. -40.00 15.0000 0.1899 -0.1673 0.0826 0.0352
5000000. -40.00 30.0000 0.2012 -0.1800 0.0828 0.0350
5000000. -40.00 45.0000 0.2154 -0.1947 0.0845 0.0370
5000,00. -40.00 60.0000 0.2337 -0.2134 0.0853 u.0402
5000000., -40.00 75.0000 0.21)8 -0.2370 0.0871 0.0408
5000000. -40.00 90.0000 0.2781 -0.2614 0.0880 0.03S4
5000000. -40.00 105.0000 0.2968 -0.2816 0.0908 0.0239
SOOCOO. -40.00 120.0000 0.3088 -0.2933 0.0960 0.0088
5000000. -40.00 135.0000 0.3127 -0.2954 0.1023 -0.0065
500000. -40.00 150.0000 0.3092 -0.2891 0.1081 -6.0200
500(1000. -40.00 165.0000 0.3008 -0.276? 0.1131 -0.0308
5000000. -40.00 180.0000 0.2883 -0.2598 0.1186 -0.0390
5000000. -40.00 195.0000 0.2728 -0.2401 0.1221 -0.0431
5000000. 40.00 210.0000 0.2574 -0.2210 0.1244 -0.0442
5000000. -40.400 225.0000 0.2425 -0.2023 0.1262 -0.0443
5000000. -40.00 240.0000 0.2276 -0.1833 0.1277 -0.0438
5000000. -40.00 255.0000 0.2115 -0.1623 0.1288 -0.0424
5000000. -40.00 270.0000 0.1937 -0.1392 0.1296 -0.0366
5000000. -40.00 285.0000 0.1766 -0.1183 0.1290 -0.0235
5000000. -40.00 3C0.0000 0.1643 -O.i065 0.1251 -0.0039
5000000. -40.00 315.0000 0.1597 -0.1077 0.1170 0.0163
5000000. -40.00 330.0000 0.1625 -0.1195 0.1058 0.0308
5000000. -40.00 3k5.0000 0.1700 -0.1365 0.0941 0.0374

5000000. -30.00 0. (.1692 -0.1369 0.0923 0.0371
5000000. -30.00 15.0000 0.1785 --0.1506 0.0906 0.0310
5000000. -30.00 30.0000 0.1884 -0.1611 0.0933 0.0289
5000000. -30.00 45.0000 0.2014 -0.1732 0.0984 0.0297
50$C0000. -30.00 60.0000. 0.2179 --0.1836 0.1043 0.0327
5000000. -30.00 75.0000 0.2389 -0.2095 0. 109T 0.0339
5000000. -30.uO 90.0000 0.2602 -0.23!7 0.1150 0.0233
SOUO000. -30.00 105.0000 0.2768 -0.2480 0.1211 0.0166
5000000. -30.00 120.0000 0.2855 -0.2545 0.1293 0.0024
5000000. -30.00 135.0000 0.2862 -0.2519 0.1355 -0.010('
5000000. -30.00 150.0000 0.2812 --0.2432 0.1395 -0.0211
5000000. -30.00 165.0000 0.2714 -0.2290 0.1424 -0.0303
5000000. -30.00 180.0000 0.2581 -0.2107 0.1444 -0.0366
5000000. -30.00 195.0000 0.2433 -0.1914 0.1451 -0.0393
5000000. -30.00 210.0000 0.2291 -0.1727 0.1452 -0.0398
5000000. -30.00 225.0000 0.2154 -0.1546 0.1447 -0.0394
5000000. -30.00 240.0000 0.2019 -0.1367 0.143! -0.0386
5000000. -3G.00 255.0000 0.1879 -0.1174 0.!419 -0.0371
5000000. -30.00 270.0000 0.1726 -0.0960 0.1400 -0.0315
5000000. -30.00 285.0000 0.1580 -0.0771 0.1367 -0.0183
5000000. -30.00 300.0000 0.1476 -0.0683 0.1309 0.0018
500000. -30.00 315.OCOO 0.1443 -0.0741 0.1218 0.0222
5000000. -30.00 330.0000 0.1486 -0.0921 0.1107 0.0364
5000000. -30.00 345.0000 0.1583 --0.1159 0.0997 0.0411
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(feet) (degrees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

5000000. -20.00 0. 0.1628 -C.1169 0.1070 0.0368
SO00000. -20.00 15.0000 0.1713 -0.1311 0.1069 0.0275
6000000. -20.00 30.0000 0.1795 -0.1389 0.1113 0.0229
600000. -20.00 45.0000 0.1897 -O.J462 0.1187 0.0223
5000000. --20.00 60.0000 0.2031 -0.1568 0.1266 0.0252
5000000. -20.00 75.0000 0.2206 -0.1730 0.1344 0.0266
5000000. -20.00 90.0000 0.2387 -0.1906 0.1422 0.0210
5000000. -20.00 105.0000 0.2512 -0.2007 0.1507 0.0093
5000000. -20.00 120.0000 0.2558 -0.2008 0.1584 -0.0026
5000000. -20.00 135.0000 0.2540 --0.1947 0.1627 -0.0120
5000000. -20.00 150.0000 0.2480 -0.1848 0.1642 -0.0208
5000006. -20.00 165.0000 0.2383 -0.1702 0.1643 -0.028"t
5000000. -20.00 180.0000 0.2262 -0.1524 0.1637 -0.0338
5000000. -20.00 195.0000 0,,2131 -0.1343 0.1.624 -0.0357
5000000. -20.00 210,0000 0.2016 --0.1169 0.1604 -0.0358
5000000. -20.00 225.0000 0.1905 -0.1007 0.1579 -0.0350
5000000. -20.00 240.0000 0.1803 -0.0851 0.1553 -0.0340
5000000. -20.00 255.0000 0.1703 -0.0681 0.1526 -0.0326
5000000. -20.00 270.0000 0.1597 -0.0491 0.1495 -0.0269
5000900. -20.00 285.0000 0.1495 -0.0328 0.1453 -0.0134
5000000. -20.00 300.0000 0.1417 -0.0277 0.1387 0.9071
5000000. -20.00 315.0000 0.1384 -0.0385 0.1300 0.0275
5000000. -20.00 330.0000 0.1416 -0.0622 O.1204 0.0413
50Z000, -20.00 345.0000 0.1513 -0.0918 0.1119 0.0440

5000uO00. -10.00 0. 0.1572 -0.0857 0.1269 0.0356
5000000. -10.00 15.0000 0.1652 -0.0996 0.1295 0.0242
5000000. -10.00 30.G00 0.1716 -0.1047 0.1349 0.0173
5000000. -10.00 45.0000 0.1789 -0.1069 0.1425 0.0158
5000000. -10.00 60.0000 0.1893 -0.1128 0.1509 0.0185
5000000. -10.00 75.0000 0.2029 -0.1242 0.1592 0.0198
5000000. -!C;.00 90.0000 0.2166 -0.1366 0.1674 0.0145
5000000. -10.00 105.0000 0.2245 -0.1407 0.1749 0.0036
5000000. -10.00 120.0000 0.2254 -0.1357 0.1799 -0.0058
5000000. -10.00 135.0000 0.2220 -0.1277 0.1812 -0.0123
5000000. -10.00 150.0000 0.2160 -0.1183 0.1797 -0.0193
5000000. -10.00 165.0000 0.2077 -0.1049 0.1773 -0.0264
5000000. -10.00 180.0000 0.1981 -0.0882 0.1746 -0.0310
5000000. -10.00 195.0000 0.1889 -0.0717 0.1717 -0.0324
5000000. -10.00 210.0000 0.1807 -0.0567 0.1685 -0.0322
5000000. -10.00 225.0000 0.%.739 -0.0431 0.1655 -0.0315
5000000. -10.00 240.0000 0.1684 -0.0296 0.1629 -0.0307
6000000. -10.00 255.0000 0.1636 -0.0144 0.1603 -0.0291
5000000. -10.00 270.0000 0.1589 0.0028 0.1571 -0.0232
5000000. -10.00 285.0000 0.1538 0.0168 0.1526 -0.0091
5000000. -10.00 300.0000 0.1478 0.0184 0.1462 0.0119
5000000. -10.00 315.0000 0.1426 0o0031 0.1309 00320
5000000. -10.00 330.0000 0.1417 -0.0254 0.1321 O.O445
5000000. -10.00 345.0000 0147*7 -0.0590 0.1275 O.O454
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(feet) f"grees) (degrees) (oersteds) (oersteds) (oersteds) (oersteds)

5000000. 0.00 C. 0.1547 -0.0408 0.1456 0.0329
5000000. 0.00 15.0000 0.1609 -0.0521 0.1508 0.0207
5000000. 0.00 30.0000 0.1663 -0.0544 0.1567 0.0126
5000000. 0.00 45.0000 0.1720 -0.0529 0.1634 0.0103
5000000. 0.00 60.0000 0M1801 -0.0544 0.1712 0.012Z
5000000. 0.00 75.0000 0.1902 -0.0617 0.1794 0.0140
5000000. 0.00 90.0000 0.1996 -0.C0u7 0.1868 0.0094
5000000. 0.00 105.0000 0.2040 -0.0101 0.1915 0.0004
5000000. 0.00 120.0000 0.2027 -0.0634 0.1924 -0.0064
5000000. 0.00 135.0000 0.1983 -0.0562 0.1899 -0.0107
5000000. 0.00 150.0000 0.1925 -0.0489 0.1854 -0.0166
5000000. 0.00 165.0000 0.1860 -0.0376 0.806 -0.0237
5000000. 0.00 180.0000 C.1798 -0.0229 0.1761 -0.0281
5000000. 0.00 195.0000 0.1752 -0.0084 0.1724 -0.0297
5000000. 0.00 210.0000 0.1722 0.0045 0.1696 -0.0298
5000000. 0.00 225.0000 0.1708 0.0163 0.1674 -0.0294
5000000. 0.00 240.0000 0.1707 0.0287 0.1658 -0.0289
5000000. 0.00 255.0000 0.1716 0.0434 0.1638 -0.0269
5000000. 0.00 270.0000 0.1725 0.0596 0.1606 -0.0203
5000000. 3.00 285.0000 0.1714 0.0717 0.1556 -0.0052
5000000. 0.00 300.000 0.1659 0.0699 0.1496 0.0160
50000CO. 0.00 315.0000 0.1574 0.0510 0.1446 0.0353
5000COO. 0.00 330.0000 0.1504 0.0194 0.1417 0.0465
5000000. 0.00 345.0000 u.1496 -0.0158 0.1418 0.0449

5000000. 10.00 0. 0.1610 0.0153 0.1576 0.0294
5000000. 10.00 15.0000 0.1647 0.0078 0.1637 0.0171
5000000. 10.00 30.0000 0.1696 0.0083 0.1691 0.0089
5000000. 10.(0 45.0000 0.1753 0.0121 0.1748 0.0060
5000000. 10.00 60.0000 0.1823 0.0140 0.1817 0.0075
5000000. 10.00 75.0000 0.1899 0.0109 0.1894 0.0089
5000000. 10.00 90.0000 0.1960 0.0066 0.1958 0.0059
5000000. 10.00 105.0000 0.1980 0.0071 0.1979 -0.0004
5000000. :G.00 120.0000 0.1958 0.0il7 0.1954 -0.0046
5000000. 10.00 1S.C00 0.1905 0.0152 0.1897 -0.0073
5000000. 10.00 150.0000 0.1842 0.0185 0.1828 -0.0121
5000000. 10.00 1o5.0000 0.1789 0.0262 0.1759 -(/.0202
5000000. 10.00 180.0000 0.1761 0.0381 0.1700 -0.0254
5000000. 10.00 !95.0000 0.1760 0.0511 0.1660 -0.0281
5000000. 10.00 210.0000 0.178; 0.0634 0.1640 -0.0289
5000000. 10.00 225.0000 0.1823 0.0756 0.1633 -0.0291
50CO000. 10.00 240.0000 0.1876 0.0888 0.162i -0.0295
5000000. 10.00 255.0000 0.1932 0.1038 '.161- -0.0256
5000000. 10.00 270.0000 0.1980 0.1192 0.1571 -0.0176
5000000. 10.00 285.0000 0.1986 0.1286 0.1513 -0.0012
5000000. 10.00 300.0000 0.1920 0.1231 0.O460 0.0196
5000000. 10.00 315.0000 0.1803 0.1022 0.:439 0.0373
5000000. 10.00 330.0000 0.1682 0.0701 0.1456 0.0466
5000000. 10.00 345.0000 0.1609 0.0364 0.1508 0.0426
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(feet) (degrees) (degrbes) (oersteds) (oersteds) (oersteds) (oersteds)

50O000. 20.00 C. G.1788 0.L775 G.1591 0.0260

3000000. 20.00 1510000 0.1801 0.0726 0.1641 0.0143

S00OCCO. 20.00 30.C000 0.1851 0.0750 0.1692 0.0091

5000000. 20.00 5.000C 0.1917 0.0807 0.1738 0.002

5000000. 20.00 60.0000 0.1989 O.nBS5 0.1796 0.0079

5000000. 20.00 75.0000 0.2053 0.086b 0.1862 0.0043

50000C0. 20.00 90.0000 0.2097 0.0853 0.1915 0.0034

b000000. 20.00 105.0000 0.210' 0.).C352 C.192, 0.0004

5000000. 20.00 12C.O00C 0.20A' 0.0860 0.188; -0.0011

5000000. 20,00 135.000C 0.20Go 0.0840 0.1822 -0.0026

5060000. 20.C0 156.000 G.1928 0.C811 0.174 -0.0Or8

5000000. 20.00 165.000G O.IU73 0.0845 0.1664 -0.0160

50O0000. 20.00 180.0000 0.1862 0.0930 0.1597 -0.0230

5000000. 20.00 195.0000 0.1895 0.1147 0.155.) -0.0274

5000000. 20.00 210.000C 0.1959 0.117-) 0.1536 -0.029T

5000000. 20.00 225.0000 0.2046 0.1321 0.1532 -O.C30

5000000. 20.00 240.0000 0.2142 0.1475 0.1525 -0.0292

5000000. 20.00 255.0000 0.2233 0.1633 0.1502 -0.0247

5000000. 20.00 270.0000 0.2297 0.1773 0.1453 -0.0144

5000000. 20.00 285.0000 0.2298 0.1828 0.1391 0.0029

5000000. 20.00 :0O.0000 0.2215 0.1739 0.1353 0.0226

5000000. 20.00 315.0000 0.2074 0.151 0.1360 0.0380

5000000. 20.00 330.0000 0.1922 0.1220 0.1117 0.04415

5000000. 20.00 345.0000 0.1819 0.0937 0.1509 0.0389

5000000. 30.00 0. 0.2041 0.1378 0.1488 0.0232

5000000. 30.00 15.0000 0.2049 0.1347 0.1539 0.0121

5000000. 30.00 30.0000 0.2093 0.1380 0.1573 0.0034

5000000. 30.00 45.0000 0.2164 0.1452 0.1605 -0.0009

5000000. 30.00 60.0000 0.2424 0.1523 0.1648 -0.0012

5000000. 30.00 75.0000 0.1310 0.1565 0.1699 0.00-2

5000000. 30.00 90.0000 0.2353 0.1582 0.1742 0.0011

5000000. 30.00 105.0000 0.2301 0.1580 0.1755 0.0015

5000000. 30.00 120.0000 0.2321 0.1550 0.1727 0.0026

5000000. 30.00 135.OCOO 0.2237 0.1480 0.16!r 0.0023

5000000. 30.00 150.000 0.2140 0.1404 0.1615 -0.0026

5000000. 30.00 165.0000 0.2072 0.1378 0.1544 -0.0115

5000000. 30.00 180.0000 0.2063 0.1425 0.1477 -0.0206

5000000. 30.00 195.0000 0.2113 0.1533 0.1429 -0.0272

5000000. 30.00 210.0000 0.2203 0.1674 0.1398 -0.0310

5000000. 30.00 225.0000 0.2320 0.1839 0.1377 -0.0322

5000000. 30.00 240.0030 0.2443 0.2012 0.1353 .0301

5000000. 30.00 255.0000 0.2550 0.2175 0.1311 -. 0234

50000u0. 30.00 270.0000 0.2610 0.2288 0.1252 -0.0108

5000000. 30.00 285.0000 0.2595 0.2301 0.1198 0.0068

5000000. 30.00 300.0000 0.2498 0.2187 0.1183 0.0248

5000000. 30.00 315.0000 0.2349 0.1972 0.1220 0.0375

5000000. 30.00 330.0010 0.2195 0.1716 0.1307 0.0.11

5000000. 30.00 345.000q 0.2087 0.1500 0.1109 0.0-49
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5000000. 40.00 0. 0.2305 0.189k 0.297 210
5000000. 40.00 15.0000 0.2308 0.1875 0.1342 0.0104
5000000. 40.00 30.0000 0.2351 0.1912 0.136f 0.0017
5000000. 40.00 45.0000 0.2 &23 3.1988 0.1385 -0.0035
5000000. 40.00 60.0000 0.2509 0.2076 0.1409 -0.0048
6000000. 40.00 75.0000 0.2584 0.2144 0.1442 -0.0035
5000000. 40.00 '0.0000 0.2638 0.2187 0.1474 -0.0014
5000000. 10.00 105.0000 0.2652 0.219f 0.1490 0.0019
5000000. 40.00 120.0000 0.2611 0.2147 0.1485 0.0054
5000000. 40.00 '35.0000 0.2521 0.2048 0.1468 0.0C62
5000000. 40.00 150.0000 0.2414 0.1938 0.1439 0.00db
5000000. 40.00 165.0000 0.2339 0.1876 0.1395 -0.0076
5000000. 40.00 180.0000 0.2324 0.1891 0.1339 -0.0181
5000000. 40.00 195.0000 0.2374 0.1981 0.1280 -0.0267
5000000. 40,',0 210.0000 0.2471 0.2121 0.1223 -0.0319
5000000. 40.00 225.0000 0.2597 0.2201 0.1177 -0.0333
5000000. 40.00 240.0000 0.2724 0.2465 0.1120 -0.0300
5000000. 40.00 255.0000 0.2825 0.2612 0.1054 -0.0212
5000000. 40.00 270.0000 0.2868 0.2691 0.0990 -0.0071
5000000. 40.00 285.0000 0.2838 0.2672 0.0953 0.0101
5000000. 40.00 300.0000 0.2737 0.2548 0.0965 0.0260
5000000. 40.00 315.0000 0.2596 0.2356 0.1028 0.0358
5030000. 40.00 330.0000 0.2458 0.2154 0.1125 0.9374
5000000. 40.00 345.0000 0.2357 0.1989 0.1224 0.0315

5000000. 50.00 0. 0.2541 0.2299 0.1066 0.0191
5000000. 50.00 15.0000 0.2543 0.2288 0.1106 0.0092
5000000. 50,,0C 30.0000 0.2582 0.2325 0.1122 0.0008
S00030. 50.00 45.0000 C.2648 0.2397 0.1125 -0.0051
5000000. 50.00 60.0000 0.2732 0.2488 0.1127 -0.0076
5000000. 50.00 75.0000 0.281 0.2574 0.1138 -0.6069
5000000. 50.00 90.0000 0.2878 0.2636 0,1154 --0.0038
5000000. 50.00 105.0000 0.2899 0.2653 0.1169 0.0012
5000000. 50.00 120.0000 0.2869 0.2611 0.1187 0.0059
5000000. 50.00 135.0000 0.2793 0.2518 0.1206 0.0076
5000000. 50.00 150.0000 0.2699 0.2410 0.1216 0.0038
5000000. 50.00 i65.0000 0.2628 0.2337 0.1202 -0.0049
5000000. 50.00 180.0000 0.2605 0.2328 0.159 -0.0155
5000000. 56.00 195.0000 0.2640 0.2390 0.1094 -0.0251
5000000. 50.00 210.0000 0.2726 0.2510 0.1018 -0.0312
5000000. 50.06 225.0000 0.2838 0.2660 0.0934 -0.0324
0000000. 50.00 240.0000 0.2945 0.2807 0.0846 -0.0279
5000000. 50.00 255.0000 0.3019 0.2915 0.0762 --0.0176
5000000. 50.00 270.0000 0.3036 0.2954 0.0701 -0.0033
5000000. 50.00 285.0000 0.2996 0.2915 0.0684 0.0!21
5000000. 50.00 300.0000 0.2908 0.2805 0.0722 0.0256
5000000. 50.00 315.OOC) 0.2789 0.2650 0.0801 0.0334
5000000. 50.00 330.0000 0.2672 0.2493 0.0900 0.0340
5000000. 50.00 3'45.00C 0.2585 0.2369 0.0994 0.0285
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5000000.. 60.00 0. 0.2738 0.2605 0.0826 0.0175
5000000. 60.00 15.0000 0.2740 0.2600 0.0861 0.O087
5000000.. 60.00 30.0000 0.2769 0.2629 0.0870 0.0007
5000000. 60.00 45.0000 0.282 0.2686 0.0861 -0.0054
5000000. 60.00 60.0000 0.2892 0.2765 0.0864 -0.0090
5000000. 60.00 75.0000 0.2970 0.2850 0.0831 -0.0092
5000000. 60.00 90.0000 0.036 0.2920 0.0828 -0.0062
5000000. 60.00 05.0000 0.3067 0.2950 0.0840 -0.0011
5000000- 60.00 120.0000 0.3057 0.2931 0.0867 0.0018
5000000. 60.00 35.0000 0.3009 0.2870 0.0903 0.0059
5000000. 60.00 150.0000 0.2943 0.2790 0.0934 0.0033

5000000. 60.00 165.0000 0.2887 0.2728 0.0942 -0.0039
5000000. 60.00 180.0000 0.2863 0.2709 0.0916 -0.0133
5000000. 60.00 195.0000 0.2881 0.27162 0.086 -0.0222
5000000. 60.00 210.0000 0.2937 0.2821 0.0767 -0.0279
5000000. 60.00 225.0000 0.3012 0.2924 0.0664 -0.0286
5000000. 60.00 240.0000 0.3083 0.3022 0.0562 -0.0234
5000000. 60.00 255.0000 0.3123 0.3083 0.0481 -0.0130
50( 00. 60.00 270.0000 0.3120 9.3089 0.0437 0.0001
500 "10. 60.00 285.0000 0.3079 0.3045 0.0438 0.0131
5000JO. 60.00 300.0000 0.3010 0.2961 0.0486 0.0240
5000000. 60.00 315.G000 0.2921 0.2849 O.O%70 0.0302
5000000. 60.00 330.0000 0.2833 0.2736 0.0669 0.0305
5000000. 60.00 345.0000 0.2768 0.2650 0.0759 0.025

5000000. 70.00 0. 0.2898 0.2833 0.0588 0.n161
5000000. 70.00 15.0000 0.2899 0.2830 0.0621 0.0088
5000000. 70.00 30.0000 0.2917 0.2848 0.0628 0.0017
5000000. 70.C0 45.0000 0.2951 0.2886 0.0616 -0.0043
5000000. 70.00 60.0000 0.3000 0.2940 ,.0590 -0.0084
5000000. 70.00 75.0000 0.3058 0.3004 0.0560 -0.0097
5000000. 70.00 90.0000 v.3111 0.3063 0.0538 -0.0081
5000000. 70.00 105.0000 0.3145 0.3099 0.0534 -0.0044
5000000. 70.00 120.0000 0.3152 0.3104 0.0551 -0.0005
50COOGO. 10.00 135.0000 0.3133 0.3079 0.0582 0.0013
5000000. 70.00 150.G000 0.3100 0.3039 0.0613 -0.0003
5000000. 70.00 165.0000 0.3069 0.3004 0.0628 -0.0052
5000000. 70.00 180.0000 0.3054 0.2990 0.0612 -0.0119
5000000. 70.00 195.0000 0.3059 0.3002 0.0561 -0.0183
5000000. 70.00 210.0000 0.3082 0.3037 0.0481 -0.0221
5000000. 70.00 225.0000 0.3115 0.3083 0.0388 -0.0218
5000000. 70.00 240.0000 0.311' 0.3125 0.0299 -0.0169
3000000. 70.00 255.0000 0.3157 0.31 48 0.0235 -0.0082
5000000. 70.00 270.0000 0.3148 0.3140 0.0209 0.0026
5000000. 70.00 285.0000 0.3115 0.3104 0.0224 0.0131
5000000. 70.00 300.0000 0.3066 0.3046 0.0278 0.0215
5000000. O.O0 315.0000 0.3009 0.2976 0.0350 0.626i
5000000. 70.00 330.0000 0.2956 0.2910 0.0448 0.0262
5000000. 70.00 345.0000 0.2917 0.2860 0.0529 0.0224
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SO0G1.0. 80.00 G. 0.3030 0.3007 0.0344 0.014a
5000000. 80.00 1S.0000 0.3030 0.3005 0.037? 0.00955000000. 80.00 30.0000 0.3039 0.3014 0.0389 0.0038
5000000. 80.00 45.0000 0.3055 0.3031 0.0382 -0.00135000000. 80.00 60.0000 0.3078 0.3056 0.0362 -0.0052
5000000. 80.00 75.0000 0.3103 0.3084 0.0334 -0.0075
5000000. 80.00 90.0000 0.3128 0.3112 0.030Z -0.00815000000. U0.00 105.0000 0.3147 0.3153 0.0289 -0.0073
f000000. 00.00 120.0000 0.3158 0.3145 0.0282 -0.00635000000. 80.00 135.0000 0.3160 0.3147 0.0286 -0.00595000000. 80.00 150.0000 0.3157 0.3142 0.0290 -0.00685000000. 80.00 165.0000 0.3151 0.3136 0.0281 -0.0090
5000000. 80.00 180.0000 0.3146 0.3132 0.0268 -0.01175000000. 80.00 195.0000 0.3144 0.3133 0.0230 -0.0140
5000000. 80.00 210.0000 0.3146 0.3137 0.0177 -0.01475000000. 80..00 225.0000 0.3148 0.3143 0.0118 -0.01315000000. 80..00 240.0000 0.3149 0.3147 0.0066 -0.0089
5000000. 80.00 255.0000 0.314S 0.3145 0.0032 -0.00275000000. 80.00 270.0000 0.3135 0.3135 0.0025 0.00'65000000. 80.00 285.0000 0.3118 0.3116 0.0046 0.0118
5000000. 80.00 300.0000 0.3097 0.309: 0.0093 0.0174
5000000. 80.00 315.0000 0.3074 0.3063 0.0158 0.02075000000. 80.00 330.0000 0.3053 0.3038 0.0228 0.02115000000. 80.00 345.0000 0.3038 0.3018 0.0293 0.0189

5000000. 90.00 0. 0.3126 0.3122 0 0
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